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Up ’til now, all sheets were gripped and 
maintained in a straight line during stretch- 
forming. Then a simple observation opened 

the door to untold savings in material. If the 

sheet could be pre-curved to match the cross- 
sectional die curve, both cross-sectional and 

longitudinal curvatures could be formed 

easier, with fewer local strains and with con- 
siderable material savings per part! 


Hufford nypra-curvE Jaws accom- 
plish this fact. They are quickly loaded 
because all segments assume a straight, 
in-line position. With hydraulic power 
the flexible jaws then pre-curve the 
sheet before stretch-forming. 


We took our cue 
from Mother Nature... 


and built FLEXIBILITY into 
Hufford HYDRA-CURVE Jaws 


4 


Since HYDRA-CURVING effects a far 
more uniform distribution of stresses, 
local strains are reduced and less fail- 
4 ures result. Deeper curves are easily 
\ formed and less material is lost in trim- 
ming. Material savings up to 30% arc 
possible. Dollarwise, these savings 
alone frequently cover jaw costs in th 
first year’s operation! 


Our new FREE FOLDER 
describes many other 
HYDRA-CURVE advantages. 
Let us send it today! 
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| Cover—A Navy FJ-2 Fury is shown in this 
picture as it is being catapulted from the deck 
of the U.S.S. “Coral Sea."" The FJ-2 is being 
produced in quantity by North American 
Aviation, Inc., at the company's plant in 
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New jet engine designs 
further reduce frontal area 
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1.A.S. News Notes 


June 1953 


LEMAY TO SPEAK AT SUMMER MEETING DINNER 


The guest of honor and principal speaker at the forthcoming I.A.S. Annual 
Summer Meeting Dinner will be General Curtis E. LeMay, USAF, Command- 
ing General, Strategic Air Command, USAF. This dinner will beheld at the 
Hotel Statler in Los Angeles on July 15. 


IA.S. STAFF CHANGES 


On April 15, three 1.A.S. staff members were appointed to new positions, 
These were: Thomas J. Meskel, who became Assistant Secretary of the 
Institute; L. J. Prezzano, who assumed Mr. Meskel's former position as 
Manager of Member Services;and John J. Glennon, who was named Librarian 
of the New York Headquarters. Mr. Glennon had been Acting Librarian. 


DELEGATES TO INTERNATIONAL AERONAUTICAL CONFERENCE 


The Institute of the Aeronautical Sciences will be represented by 120 delegates 
at the forthcoming Fourth International Aeronautical Conference in London, 
England. This number is exclusive of any U.S. military personnel who will 
attend. 


THE 1953-1954 RAeS PRESIDENT 


Sir William S. Farren, FIAS,FRAeS, was installed on May 7 as the 1953- 
1954 President of The Royal Aeronautical Society. Sir William is Technical 
Director of A.V.Roe and Company, Ltd., of England. 


NECROLOGY 


Mark Andrew Klinger, Engineer, Piasecki Helicopter Corp., March 29. 


NATIONAL MEETINGS CALENDAR 


July 15-17 AnnualSummer Meetingand Honors Dinner, Los Angeles, Calif. 
Sept. 7-18 Fourth International Aeronautical Conference, London, England 
Dec. 17 Seventeenth Wright Brothers Lecture, U.S. Chamber of Com- 
merce Building Auditorium, Washington, D.C. 


i= 
| 
4 = 
by 
ON 
ig 
| 
| 


1.A.S. News Notes (con’t.) 


WINNERS OF FIRST SOUTHWESTERN STUDENT COMPETITION 


The First Southwestern Student Competition, sponsored by the Texas Section, 
was held in Fort Worth on May 6-9 andwas attended by students and faculty 
fromelevencolleges. The following students were selectedas winners in the 
Undergraduate Division: First Prize, F. W. Fenter, University of Texas; 
Second Prize, Richard Schapker, Parks College; Third Prize, J. M. Fire- 
baugh, Texas A. & M.; and Honorable Mention, Fred Smith, University of 
Oklahoma, and Robert R. Wolfe, University of Tulsa. The Graduate Division 
winners were: First Prize, Harry L. Clements, University of Wichita; and 
Second Prize, Wilbur Light, University of Oklahoma. 


NEW I1.A.S. CORPORATE MEMBER 


Ciba Company, Inc., 627 Greenwich Street, New York 14, New York. 


CALENDAR OF SECTION MEETINGS 


June 3--Toronto Section: Elms Golf and Country Club, Annual Meeting; 
Dinner, 7:00 p.m. Films to be shown. 

June 12--Chicago Section: Glenview Naval Air Station. Annual election of 
officers. Hour, subject, and speaker unknown at press time. 

June 12--Hagerstown Section: Location unknown at press time. Meeting, 
8:00 p.m. 'The Controlled Stall and Application of Airplane Sta- 
bility Test to Automobiles" by William F. Milliken, Jr., Manager, 
Flight Research Department, Cornell Aeronautical Laboratory, 
Inc. Movies of the American Sports Car Association's Watkins 
Glen Road Race to be shown. 

June 18--Baltimore Section: Levering Hall, The Johns Hopkins University. 
Annual Dinner Meeting, approximately 6:30 p.m. ‘Major Problems 
of the Aircraft Manufacturing Industry" by Adm.D.C. Ramsey, USN 
(Ret. ), President, Aircraft Industries Association. New officers 
to be installed. 

June 18--Los Angeles Section: I.A.S. Building. Dinner Meeting (tentative). 

June 18--San Francisco Section: Ramor Oaks, Atherton, Calif. Joint Meet- 
ing with American Rocket Society's Northern California Section. 
Hour unknown. "Possibilities of Space Travel'' by William W. 
Kellogg, Boeing Airplane Company 

June 18--Twin Cities Section: American Legion Club, Minneapolis, Dinner, 
6:45 p.m.; Meeting, 8:00 p.m. 'Development of High speed Air- 

craft" by Dr. Alexander Lippisch, Chief, Aeronautical Research 
Laboratory, Collins Radio Company 


June 25--Los Angeles Section: I.A.S. Building, Specialist Meeting (tentative), 
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IAS News 


A Record of People 
of Interest to Institute Members 


Preliminary Announcement of 
1953 Annual Summer Meeting 


Meeting to Be Held July 15 to 17; Replica of Wright 
Brothers Airplane to Be Dedicated and Installed in IAS Los 
Angeles Building 


HE 1953 ANNUAL SUMMER MEETING of the Institute of the Aeronautical 
i Sciences will take place at the IAS Western Headquarters Building, 7660 


Beverly Blvd., 
for the meeting will be, as usual, 
the executive and general member- 
ship of the Los Angeles Section. The 
1953 Chairmaa of this Section is Har- 
old Luskin, Assistant Supervisor of 
Aerodynamics for Research, Douglas 
Aircraft Company, Inc. 
>» The Dinner—The 1953 Annual 
Summer Meeting Dinner will be held 
on the evening of July 15 at the Hotel 
Statler in Los Angeles. On display 
that evening at the hotel will be 
a full-scale model of the Wright 
Brothers airplane, which was built 
through the combined efforts of aero- 
nautical companies on the West Coast. 
The replica will be formally dedicated 
at the dinner in a ceremony conducted 
by Lt. Gen. James H. Doolittle, USAF 
(Ret.), Chairman of the National 
Committee to Observe the Fiftieth 
Anniversary of Powered Flight. Gen- 
eral Doolittle is an IAS Past-Presi- 
dent, Honorary Fellow, and Founder 
Member, as well as Vice-President of 
Shell Oil Company. At the end of 
the evening’s program, the replica 
will be moved to the local IAS build- 
ing, where a brief installation program 
will occur on the morning of July 17. 
The Thurman H. Bane Award and 
The Octave Chanute Award will be 
presented during the dinner to their 
respective recipients. These Awerd 
winners will be announced subse- 
quently. The 1953 IAS President, 
Charles J. McCarthy, Vice-President 
of United Aircraft Corporation, will 
make the presentations of the Awards. 
> Tentative Program—A total of 
five technical sessions are expected to 


Los Angeles, from July 


15 through July 17. The hosts 


be held during the 3-day meeting. 
Two of these are scheduled for 
Wednesday; one, for Thursday; and 
two, for Friday. The Thursday Session 
is to be held in the evening and, like the 
field trip planned for that same day, 
will require proper military clearance. 
The other four sessions will be open to 
all persons, and the papers to be pre- 
sented at each of these four open ses- 
sions are as follows: 


Wednesday, July 15 


Aerodynamics Morning Session 


Wing-Body Interference at Subsonic 
and Supersonic Speeds: Survey and New 
Developments—H. R. Lawrence and A. H. 
Flax, Cornell Aeronautical Laboratory, 
Inc. 

Energy Approach to the General Air- 
craft Performance Problem—E. S. Ru- 
towski, Douglas Aircraft Company, Inc. 

A Study of Hypersonic Small-Disturb- 
ance Theory—Milton J. Van Dyke, Ames 
Aeronautical Laboratory, NACA. 

A Vector Method Approach to the 
Analysis of the Dynamic Lateral Stability 
of Aircraft—Leonard Sternfield, Langley 
Aeronautical Laboratory, NACA. 


Propulsion Afternoon Session 


Spreading of Supersonic Jets in Super- 
sonic Streams—J. G. Wilder and K. 
Hindersinn, Cornell Aeronautical Labo- 
ratory, Inc. 

Afterburners—Are They Worth While? 
—F. C. Newton, Douglas Aircraft Com- 
pany, Inc. 

A Discussion of Development, Experi- 
ence, and Design Problems Associated 
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and Euents 


with Several Types of Variable-Area Exit 
Nozzles—J. S. Winter and R. G. Laucher, 
Marquardt Aircraft Company. 

Techniques for Determining Thrust 
in Flight for Airplanes Equipped with 
Afterburners—L. Steward Rolls and C. 
Dewey Havill, Ames Aeronautical Lab- 
oratory, NACA. 


Friday, July 17 
Wright Model Installation Morning 


Installation program of full-scale replica 
of the Wright Brothers Airplane at the 
IAS Western Headquarters Building. 

The Engineering Development of the 
Wright Brothers Airplane—R. B. John- 
ston, The RAND Corporation. 


Structures Morning Session 


Fatigue Life of Thick-Skinned Tension 
Joints—E. W. Thrall, Douglas Aircraft 
Company, Inc. 

Miaimum Weight Wing Design—A. L. 
Kolom, North American Aviation, Inc. 

Warping of Thin Shell Wing Structure— 
Joseph A. Wise, University of Minnesota. 


Helicopter Design—Propulsion Ap- 
plications Afternoon Session 


Reciprocating Engine: McCulloch 
YH-30—Speaker not given. 

Turbojet Engine: Hughes XH-17— 
T. F. Fletcher, Project Engineer, XH-17, 
Hughes Aircraft Company. 

Pulse-Jet Engine: American Helicopter 
XH-26—Speaker not given. 

Ram-Jet Engine: Hiller YH-32— 
Harvey Holm, Project Engineer, XH-32, 
Hiller Helicopters. 

Rocket Engine:  Rotor-Craft ‘‘Pin- 
wheel’’—Speaker not given. 

(A static helicopter display will be lo- 
cated in the parking lot adjacent to the IAS 
building.) 


> Program Planning—The planning 
for this meeting has been carried out 
by the Los Angeles Section’s Program 
Committee. This committee, under 
the direction of its Chairman, Welko 
E. Gasich, of The RAND Corpo- 
ration, has gone to infinite pains to 
ensure the success of the meeting. 
Final programs should be in the mail 
to IAS members by mid-June. 
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The security-classified nature of the Eighth Annual Flight 
Propulsion Meeting precludes any report of the technical 
sessions. However, it is safe to say that the more than 500 
members who attended the meeting felt amply repaid for 
their trip to Cleveland. As usual, the boys and girls 
from the NACA Lewis Flight Propulsion Laboratory, the 
Cleveland-Akron Section members, and the local com- 
panies who sponsored exhibits and the predinner social 
hour did a splendid job of putting on a good show. 

The photos on the opposite pege, and the two at the 
bottom of this one, show sections of the displays, which 
created considerable interest. Speakers at the morning 
and afternoon technical sessions are grouped directly be- 
low. At the left IAS President Charles J. McCarthy 
presides at the evening dinner where Rodney Banks was 
the guest of honor and principal speaker. Mr. Banks’ 
address on ‘The Birth of an Engine’ will be found 
elsewhere in this issue. 
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Fourth Plasticity Symposium 


The Fourth Plasticity Symposium, 
to be held at Brown University on 
September 1-3, 1953, will cover three 
principal topics: (1) stress-strain re- 
lations (perfectly plastic, work-hard- 
ening, viscoelastic, and viscoplastic 
materials); (2) distribution of stress 
and strain in bodies exhibiting in- 
elastic properties (static and dynamic 
problems and infinitesimal and finite 
deformations) ; and (3) structural anal 
ysis and design in the inelastic 
range (limit analysis, static and dy 
namic loading, shakedown, and in 
elastic buckling). Papers will be 
presented by American and Foreign 
experts. 

Certain sessions will be sponsored 
by Brown University in cooperation 
with the American Society of Civil 
Engineers’ Engineering Mechanics Di- 
vision. The remaining sessions will 
be sponsored jointly by Brown and the 
Office of Naval Research. 

For further information, please 
contact: Prof. Harry J. Weiss, Gradu- 
ate Division of Applied Mathematics, 
Brown University, Providence 12, 


R.1. 


Two More Firms Join IAS 


Brandt Manufacturing Company, 
of 9784 Bellanca Street, Los Angeles, 
and Robert Hewitt Associates, of 


439 Madison Avenue, New York City, 
have joined the Institute of the Aero 
nautical Sciences as Corporate Mem 
bers. 


>» Brandt Manufacturing Company 
is a partnership in which Homer 
Brandt is the active Managing Part 
ner and W. M. Gillette, Jr., is Chief 
Engineer and Plant 
charge of operations 


Manager in 


The company, currently employing 
approximately 50 men, does all of its 
work in the aeronautical field. This 
work falls into four categories: air 
craft tooling, fabrication of holding 
and handling fixtures 
machine parts, and 
struction of all ty 
templates. 

The aircraft tooling consists of the 
construction of form blocks, dies, and 
other tooling items whicl 
Douglas Aircraft Company, Inc., and 
other air-frame companies in the 
fabrication of air-frame parts. The 


production 
lofting and con- 
pes of aircraft 


are used by 


handling fixtures consist mostly of 
precision welded parts. In making 
production machine parts, the com- 


pany’s own equipment is used to do 
precision machinins actual air- 
craft parts from raw stock, sheet, 
bar, castings, or forgings 

As a part of the production activity, 
Brandt Manufacturing Company 
works closely with the engineering 


personnel of large air-frame com 


Some of the session speakers and panel members at the recent symposium in Los Angeles 
on “Frontiers of Man-Controlled Flight’’ are shown in the picture below. From left to right, 
they are: (seated) Major Charles E. Yeager; Edgar Schmued; John R. Poppen, Symposium 
Chairman; Alfred M. Mayo; and Heinz Haber. (Standing) Stanley N. Roscoe, Neil D. 
Warren, Charles F. Lombard, Laurence E. Morehouse, Herman P. Roth, Stanley Lippert, W. 
V. Blockley, Harold Luskin, John H. Mathewson, and Konrad Buettner. 


Photo: H. D. Williams, U.C.L.A 
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panies. In many instances, the orig 
inal engineering specifications re 
ceived by Brandt have been revised 
or refined. 


>» Robert Hewitt Associates is an 
executive-aircraft consulting firm 
that, since World War II, has devoted 
its efforts to the many phases of sales, 
conversion, and management of cor 
poration executive multiengine air- 
craft. 

Robert Hewitt Associates acts as 
consultant to corporations that are 
now owners of executive aircraft and 
to firms that are contemplating such 
means of transportation for their 
management. Studies and analyses 
are made to determine transportation 
requirements, consider suitable types 
of aircraft for the specific purpose, 
justify the program financially, deter 
mine policies and _ procedures for 
efficient traffic control, and furnish 
standards for efficient and economical 
operation of the equipment. 

This consulting company claims to 
be a pioneer in this field from the 
standpoint of considering the principle 
and purpose of a corporation’s air 
craft. Robert Hewitt Associates was 
formed to provide a service that 
would promote the function of the 
corporate aircraft and would prove 
its use to management as a profit 
making tool. 


Los Angeles Section Cosponsors 
Flight Symposium; Proceedings 
to be Published 


A symposium entitled ‘‘Frontiers of 
Man-Controlled Flight’? was held on 
April 3 at the IAS building in Los 
Angeles. More than 300 engineers 
and aviation medicine specialists at 
tended. 

The symposium was presented by 
the Institute of Transportation and 
Traffic Engineering and University 
Extension, University of California at 
Los Angeles, in cooperation with the 
Aeromedical-Engineering Association 
and the IAS Los Angeles Section. 
Seventeen papers were presented in 
the three daytime sessions. In the 
evening, a panel discussion of the 
symposium took place immediately 
after a dinner, which was served in a 
Los Angeles restaurant. The panel 
was composed of the symposium 
speakers. 

The proceedings of the symposium 
are now being published and will soon 
be available in a paperbound litho 
printed book for the nominal charge of 
$2.00. Those persons interested in 
obtaining copies of the proceedings 
may write to: University of Califor- 
nia Press, Berkeley 4, Calif. 
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N. J. Hoff to Present RAeS 
Wright Lecture 


Dr. Nicholas J. Hoff, FIAS, FRAeS, 
Professor and Head of the Depart- 
ment of Aeronautical Engineering and 
Applied Mechan- 
ics, Polytechnic 
Institute of 
Brooklyn, has ac- 
cepted the invita- 
tion extended by 
The Royal Aero- 
nautical Society 
to deliver the 
Forty-First 
Wilbur Wright 
This lecture, which 


Memorial Lecture. 
isan annual RAeS presentation, will be 


given on September 14. An_ un- 
usually large IAS representation is ex- 
pected at this lecture, since it will 
occur during the Fourth International 
Aeronautical Conference in London, 
England, on September 7-17. 


News of 


> Guy L. Bryan, Jr. (AF), Professor 
of Aeronautical Engineering, The 
Johns Hopkins University, has _be- 
come a Consultant on Structural and 
Special Design Projects for Van 
Zelm Associates. 

> William J. Cushing (M), recently 
released by the Navy to inactive duty, 
has formed his own company, William 
J. Cushing and Associates, to act as 
manufacturers’ representatives. The 
company is located in the Reibold 
Building, Dayton, Ohio. Mr. Cush- 
ing’s last assignment in the Navy was 
as Special Project Officer, Aircraft 
Production Resources Agency, 
Wright-Patterson AFB, Ohio. 

> Ralph S. Damon (F), President, 
Trans World Airlines, Inc., was re- 
cently elected a Director of the New 
York Telephone Company. 


> Martin Goland (AF), Associate 
Director for Engineering, Midwest 
Research Institute, has been reap- 


pointed to serve as Chairman of the 
NACA Subcommittee on Vibration 
and Flutter and as a member of the 
NACA Committee on Aircraft Con- 
struction. 

> Dr. Peter Kyropoulos (M), As- 
sociate Professor of Mechanical En- 
gineering, California Institute of Tech- 
nology, has been appointed to Pacific 
Airmotive Corporation’s 10-man Re- 
search Advisory Committee. This 
group acts as consultant on various 
research and development projects 
of the corporation. 


IAS NEWS 


Dr. Hoff, who has had numerous 
articles on aircraft design, structure, 
and engineering published in Ameri- 
can and foreign technical journals, has 
been associated with the aeronautical 
field for about the past 25 years. 
Graduating in 1928 from the Federal 
Polytechnic Institute, of Zurich, 
Switzerland, with the degree of 
Diplom-Ingenieur, he went to work 
the following year in his native 
Hungary as Designer and Stress An- 
alyst in the Aircraft Division of 
Manfred Weiss Aircraft and Motor 
Works, Ltd. He left there in 1939 
to emigrate to the United States where 
he became Research Assistant at 
Stanford University and worked under 
Professor Timoshenko toward a Ph.D. 
degree in Engineering Mechanics. 
This degree was awarded to him in 
1941. He joined the faculty of the 
Polytechnic Institute of Brooklyn 
in September of 1940. Five years 
after coming to this country, he be- 
came an American citizen. 


Members 


> Dr. Clark B. Millikan (HF), Pro- 
fessor of Aeronautics and Director of 
the Guggenheim Aeronautical Labora- 
tory, California Institute of Tech- 
nology, was recently named to serve 
on Pacific Airmotive Corporation’s 
Research Advisory Committee. This 
group, which is composed of ten 
scientists and engineers, acts as con- 
sultant on various research and de- 
velopment projects of the corpora- 
tion. 


Oliver E. Rodgers (M) has been named 
Chief Engineer of Packard Motor Car Com- 
pany's Jet Engine Division. Mr. Rodgers, 
a graduate of Harvard University, was for- 
merly Assistant Manager, Gas Turbine 
Westinghouse Electric Corpo- 


Division, 
ration. 
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> Howard F. Rough (M), retired from 
Government service on last January 
31 after 25 years with the CAA and its 
predecessor organizations. Since 
about mid-February, Mr. Rough has 
been serving without remuneration 
as the Head of a special Air Coordi- 
nating Committee group for Govern- 
ment participation in the year-long 
celebration of the Golden Anniversary 
of Powered Flight. 


Members on the Move 


The purpose of this section is to provide 
information concerning the latest affilia- 
tions of IAS members. All members are 
therefore urged to notify the News Editor 
of changes as soon as they occur. 


William B. Bergen (AF), Vice-President 

Operations, The Glenn L. Martin Com- 
pany. Forruerly, Vice-President and Chief 
Engineer, Martin. 

Raymond L. Bisplinghoff (AF), Pro- 
fessor, Department of Aeronautical En- 
gineering, Massachusetts Institute of Tech- 
nology. Formerly, Associate Professor, 
Department of Aeronautical Engineering, 

Harold G. Brilmyer (AF), Vice-Presi- 
dent in charge of Research, Huck Manu- 
facturing Company. Formerly, Assistant 
to the President, Huck Manufacturing. 


David Eisenberg (TM), 
gineer, Canoga Corporation. 
Engineering Designer, 
Company. 

John A. Gillies (M), Chief Engineer, 
Canadian Pacific Airlines, Ltd. Formerly 
Technical Assistant to Manager, Aviation 
Sales Department, Imperial Oil Ltd. 


Myron B. Gordon (AF), now Chairman 
of the Board, Flight Refueling, Inc. 


William R. Haney, Jr. (M), Field En- 
gineer, William R. Whittaker Company, 
Ltd. Formerly, Project Engineer, Bendix 
Products. Division, Bendix Aviation Cor- 
poration. 


Wilfred C. Hugli, Jr. (M), Assistant 
Director, Plans and Coordination, Ex- 
perimental Towing Tank Laboratory, 
Stevens Institute of Technology. For- 
merly, Executive Engineer, Experimental 
Towing Tank Laboratory, Stevens. 

Martin A. Jackson (M), Project En- 
gineer, Van Zelm Associates. Formerly, 
Assistant Group Engineer, The Glenn L. 
Martin Company. 


Jacques A. Kirk (M), Wind Tunnels 
Department, The de Havilland Aircraft 
Company, Ltd., England. Formerly, 
Wind Tunnels Superintendent, Short 
Brothers & Harland, Ltd., Northern 
Ireland. 


Garth C. Ladd (TM), Research As- 
sociate, Department of Aeronautical En- 
gineering, Rensselaer Polytechnic Insti- 
tute. Formerly, Aerophysics Engineer, 
Fort Worth Division, Consolidated Vultee 
Aircraft Corporation. 


John L. Lull (TM), Design Engineer, 
Consolidated Vultee Aircraft Corporation. 


Design En- 
Formerly, 
Hughes Aircraft 


(Continued on page 66) 
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A. M. Ballantyne, Secretary 
The Royal Aeronautical Society 


Dr. 
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Editorial 


Fourth International Aeronautical Conference 


As this is written, most of the arrangements for the 
Fourth International Aeronautical Conference with 
Britain’s Royal Aeronautical Society have been final- 
ized, papers are in the last stages of revision (some of 
them are actually in hand), and some hundred odd 
IAS members (some with their wives and families) are 
looking forward to departure time. 

As was the case for the two previous Conferences in 
England (1947 and 1951) the IAS delegation represents 
a notable cross section of America’s aviation industry. 
There are few areas of major interest in the broad field 
of the aeronautical sciences which are not covered by 
our group. Our colleagues of Britain’s aviation indus- 
try will have little trouble in finding top-level “‘opposite 
numbers” from this side with whom to confer on prob- 
lems of mutual interest. A great deal of the value of 
such meetings comes from the person-to-person con- 
tacts that are made outside of the technical sessions. 
Much of the real interchange of ideas goes on over tea 
and luncheon tables (—or even at bars!). Subsequent 
correspondence at long ranges is always made easier if 
one is personally acquainted with one’s correspondent. 

We have just had news of the election of Sir William 
Farren as President of The Royal Aeronautical Society. 
To many of us, Sir William is an old friend. He has 
visited on this side many times (the last time only 2 
months ago). He knows something of our peculiarities 
and can make due allowance for them. He and IAS 
President McCarthy already have an acquaintance of 
long standing which will be extremely useful during our 
coming visit. We all have pleasant memories of the 


cordial interchange of 1951 between the two Presidents 
of that year, Major Frank Halford and Rear Adm. 
L. B. Richardson. A thorough understanding at the 
Presidential level does much to make the entire rela- 
tionship smooth and harmonious. We are certain that 
the Fourth International will be in excellent hands. 

The Brighton Conference of 1951 was the “swan 
song’’ of our old friend Laurence Pritchard (and a good 
song it was!) as he retired after many years as Secretary 
of the RAeS. His successor, Dr. A. M. Ballantyne was 
among those present at Brighton. Many of us had an 
opportunity to meet him then. Some of us who are 
concerned with common problems have been in almost 
continuous correspondence with him in recent months. 
We are all looking forward to an opportunity to learn 
to know him better. We hope that before too long he 
will have occasion to pay us a visit on this side of the 
Atlantic. 

We are all delighted at the response of the IAS mem- 
bership to this year’s Conference. The interest on the 
part of individuals and of companies has been most 
striking. The large participation by the Armed Serv- 
ices and other Defense agencies is particularly gratify- 
ing. It all means that the preceding three Conferences 
have been successful. They have established a pattern 
for the improvement of international good will at the 
scientific and engineering levels. We are all looking 
forward to a continuation of the kind of collaboration 
between aeronautical people on both sides of the At- 
lantic which has been evidenced on these occasions. 
As long as the two great English-speaking nations of 
the world see eye to eye on such matters the hope of a 
free world for free men cannot be dimmed. S. Po fj. 


INTRODUCTION 


genial HUTS ON MOUNTAINS, mid-centuries, and 
the seventh-inning stretch have one thing in 
common—everybody stands up and takes a look around 
in both directions: recapitulation and prognostication. 
As we enter the 50th anniversary year of the first 
heavier-than-air flight, we may be fortunate in that it 
approximately coincides with the midpoint of that arbi- 
trary block of time, the 20th Century. During the 
past couple of years, there has been a spate of exposition 
from the historians, scientists, economists, sociologists, 
and statesmen, trying to link where we have been with 
where we are probably going. The Pollyannas and the 
prophets of doom are having a fine time battling it out 
for first place, and they are playing to a good house. 
Perhaps it would be in order for the aeronautical fra- 
ternity to get into the act, in a small way, and foretell 
what the next half century may bring forth. 

Though some like it and some do not, there is little 
question that the world has changed more rapidly dur- 
ing the past half century than during any other equal 
period in history. A strong case could be made for the 
thesis that the airplane has been the most important 
single instrument in this revolutionary process. The 
primary impact has not been due to commercial activi- 
ties—substantial though they may be—but rather to 
past and potential military utilization. Essentially, 
the airplane is the instrument that makes a truly total 
global war possible—a war that would involve the entire 
resources and populations of most of the world. This 
has had, and will continue to have, a tremendous impact 
on the economics, politics, and everyday life of all of the 


nations of the world. Hence, the importance and inter- 
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est in speculation on the sort of devices and systems the 
second half century of aviation may bring forth. 

Since the current actuarial tables indicate the proba 
bility that I shall survive another 50 years to be substan 
tially less than 0.001, I can make predictions with little 
fear of ever being faced with a final tabulation of my er 
rors. 


FUELS 


High-Energy Chemical Fuels 


Reliable, available, and relatively inexpensive liquid 
fuels from petroleum have played an essential part in 
making the airplane what it is today, and it is doing 
quite a job. However, if anyone will take a slide rule in 
hand and go through a little labor of calculation, he will 
inevitably arrive at the conclusion that the airplane 
could do some really wonderful things if it just had a fuel 
that packed more energy per pound than gasoline. We 
have made remarkable progress in the performance of 
the airplane by improving engine efficiency and overall 
propulsive efficiency, but it appears that we are prob 
ably approaching the limit of the possibilities along this 
line. The engineer casts envious eyes at the lightest of 
all the chemical elements, hydrogen, which, upon com 
bustion, releases about three times as much energy per 
pound as does gasoline. But hydrogen has unfortunate 
physical properties for aviation use. It persists in re 
maining a light gas at ordinary temperatures and thus 
requires heavy and bulky high-pressure containers for 
storage. If itis cooled down to 423° below zero Fahren- 
heit at atmospheric pressure, it liquefies, but even then 
So the 
volume required and the weight of containers for either 


it is less than one-tenth as dense as gasoline. 


gas or liquid, per unit of energy, are unduly large. It is 
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presently of at least potential interest to rocketeers, but 
for the ordinary garden variety of aircraft, it seems to 
me that hydrogen will never be a feasible fuel, from 
either the economic or engineering point of view. 

There are a few chemical elements (other than hydro- 
gen) and at least several compounds that have a some- 
what greater heat of combustion per pound than has 
gasoline. These offer intriguing possibilities, for even a 
25 or 50 per cent increase in the energy available per 
pound of fuel could lead to much greater proportional 
increases in aircraft performance. Since many people 
have thought about this and since the potential gains 
are great, it is probable that over the years to come the 
possibilities will be explored to the fullest. If any such 
satisfactory fuels are developed, it can be anticipated 
that they will have at least some military uses. For ex- 
tensive military or commercial use, however, the cost, 
including the credit for increased performance, would 
have to be approximately equal to that which could be 
realized from gasoline or other liquid fuels. I expect 
inexpensive liquid fuels from either petroleum or coal 
to be in good supply for another 5 decades. Knowing 
something of the inherent cost of making entirely syn- 
thetic chemical compounds, I will be quite surprised if 
special fuels will play a major role in inhabited aircrait 
within the next half century. As you can see, I am be- 
ing disgustingly conservative at this point. It should 
be pointed out, however, that eventually, when the 
fossil fuels (petroleum and coal) are gone, we will have 
to synthesize our fuels, probably with the aid of artifi- 
cial photosynthesis. When we are driven to this, we 
may well find it economical and feasible to carry the 


synthesis through to the high-energy types; but the 
economic forces put this a substantial distance in the 
future. 


Nuclear Fuels 


The well-publicized project on the nuclear propulsion 
of aircraft has led some people to believe that the liquid- 
fuel-propelled airplane will be a dodo within a genera- 
tion. My own opinion is that the project on nuclear 
propulsion will eventually be successful and that there 
will be some extremely large nuclear-propelled aircraft 
built which will have practically infinite range and any 
desired speed but that their use will be confined to spe- 
cial military purposes. My pessimism is based on 
three things--hazards, inherent complications, and 
necessary weight, the last being the most important. 
Unless some new principle of physics is discovered, we 
will forever be burdened with the necessity of having 
truly heavy masses of materials for shielding any human 
beings in the close vicinity from the radiation of an op- 
erating nuclear reactor. The weights that are involved 
in shielding are so great that it seems to relegate the air- 
craft application of nuclear energy to special and un- 
usual cases. So, again, on the matter of nuclear energy, 
I seem to be on the conservative side. I should add, 
however, that, as far as stationary power plants are 
concerned, or ship propulsion, nuclear energy has tre- 
mendous possibilities and probably a much brighter fu- 
ture than for use in aircraft. 


In general, then, it is my opinion that, in looking to 
the next half century, it is the most realistic course to 


Based on design studies by Boeing Airplane Company, this drawing shows details of what the jet transport of the future may 


look like. 


This 500-m.p.h. jet transport would be powered by four turbojet engines, would have a tandem-type landing 


gear and sharply sweptback winas and tail surfaces, and would be designed for operation from present airports. 
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confine our considerations to the use of something 
like the same type of liquid fuels we are using at the 
present time. 


PROPULSION PLANTS 


Heat Engines 


Looking ahead for 5 decades, I do not see that we 
will, in that time, be able to dispense with the use of 
heat engines of some sort in the propulsion of aircraft. 
Though it is conceivable that some means might be dis- 
covered for the direct conversion of nuclear energy at 
high efficiency into electrical energy, the laws of physics 
seem to be particularly stubborn on this score, and 
there is no immediate prospect that the physicists are 
going to be able to change the situation. Hence it 
appears that we are going to be confined to the use of 
heat engines for the foreseeable future. 

It seems to be the consensus that the reciprocating 
engine has about had its day, and I have no evidence to 
gainsay this, but I do believe that a number of recipro- 
cating engines will be around for a long time, at least in 
the smaller sizes for occasional use such as in light air- 
craft. 

For the bulk of the airplanes of large to moderate 
size, both military and commercial, I visualize that the 
gas turbine will be the basic power plant. At the pres- 
ent time, the straight turbojet power plant is coming 
into its own, with the turbopropeller proponents strug- 
gling mightily to get into the act. In forecasting the 
probable outcome of this struggle, it is well to keep the 
laws of momentum in mind, which tell us that the turbo- 
jet is doing it the hard and inefficient way (unless it is 
traveling at truly high speeds) for the simple reason 
that it is handling relatively small quantities of air to 
produce its thrust. This necessarily means that the 
high residual velocity of the exit gases leads to throwing 
away a great deal of energy into the empty air, which 
in turn leads to a low overall thrust efficiency and the 
well-known fuel consumption of jet engines. 

Without going into detail, it would appear that for 
every flight speed there is an optimum airflow-to-fuel- 
consumed ratio that is an optimum for a given power- 
plant weight-per-pound-of-thrust. This ratio would 
change for each speed, and, hence, a prime requisite of 
the propulsion plant should be flexibility in air-handling 
capacity. As far as I know, such a comprehensive 
generalized study has never been carried out, but I be- 
lieve it should be done. It would probably reveal 
some valuable information about the desirable basic 
characteristics of power plants. 

In addition to air-handling flexibility, the propulsion 
plant for moderate to high speeds should be equipped 
to take full advantage of ram-pressure recovery, which 
indicates shrouding or cowling of some sort which is not 
present in the conventional propeller installation. 

The above two points (flexibility in air-handling ca- 
pacity and ram-pressure recovery) lead me to the opinion 
that neither the turbojet nor the turboprop will be the 


eventual clean-cut winner. The propulsion plant most 
likely to have extensive use will be that sadly neglected 
child, the ducted fan, or combination jet, or whatever 
name you wish to put on it. Basically it will be built 
around a gas turbine, but one that, for propulsion pur- 
poses, will handle more air than is required for operating 
the turbine. Such a power plant will be the backbone 
of the business, although, for manned aircraft traveling 
at supersonic speeds up to a Mach Number of 2, the 
straight turbojet may be the optimum power plant, 
everything considered. 

For flights of any substantial duration of Mach 
Number 2 or above, either pilotless or inhabited aircraft, 
the ram-jet comes into its own. Here, however, some 
combination device is called for, because the ram-jet 
must be boosted up to its operating speed. This, again, 
then indicates the desirability of some power plant of 
the general variety of the ducted fan for most applica 
tions. 


SPEED 


Like the dinosaurs, men seem occasionally to overdo 
things in their evolutionary processes and find that the 
superlative versions become obsolete, the final accepted 
model being something less than the possible ultimate. 
Commercial ocean liners are not getting larger any 
more; the biggest ones have been found to be uneco- 
nomical. The longest-range gun on record was the 75- 
mile variety, which the Germans used to bombard Paris 
in 1918; but, even from the military point of view, it 
didn’t pay and was never attempted again. I have a 
strong feeling that the same sort of situation is develop- 
ing in the category of the speed of manned aircraft, both 
military and commercial, and that eventually the opti- 
mum will be found to be somewhat less than we now 
have in mind. 

In the present frame of reference and tradition, the 
military aviator will sacrifice almost everything else to 
speed, but it is conceivable that he is treading the ob- 
solescing path of the medieval knight-in-armor on 
horseback. The heavily encumbered and expensive 
knight became obsolete because of the perfection of a 
simple weapon, the English longbow, which was operated 
by a slow-moving but skillful man on foot. 

In passing judgment on the trend of speed, it is nec- 
essary again to keep the laws of physics in mind. The 
cube law of power-required is stubborn and persistent, 
and although aerodynamic refinements and power-plant 
improvements have helped to modify its effects, it is al- 
ways there and is the dominant factor after we have 
carried all refinements as far as possible. In the ulti- 
mate, then, when you vie for speed, you sacrifice other 
things and eventually come to the point of diminishing 
returns. It is my opinion that, before we get through 
with our emphasis on speed, we will have passed the op- 
timum for military combat aircraft. 

You will immediately pose the question—aren’t you 
helpless in aerial combat if the enemy is faster? The 
answer for the future is that such need not be the case. 


la 


pl 


| 
| R 
| an 
| SW 
| fe 
TI 
| 
| 
| ni 
| in 
| sh 
pl 
| eV 
ht 
| Wi 
iS 
| th 
de 
ti 
ne¢ 
m 
| H 
; 
| th 
re 
vi 
be 
us 
W: 
sy 
| 
| Ce 
tr 
tl 
tl 
al 
d 
cl 
al 
fc 
ti 
fc 
| h 
| 
ti 
| O 
| 


THE NEXT HALF CENTURY 27 


Referring again to the analogy of the armored knight 
and the foot soldier with the English longbow, the an- 
swer is to be found in the availability of new and ef- 
fective weapons—namely, air-to-air guided missiles. 
They can supply the necessary final increment of speed, 
maneuverability, and rate of climb and let the airplane 
serve in an optimum fashion for what it truly is 
namely, a carrier to get certain weapons somewhere 
in the vicinity of the target, quite analogous to battle- 
ships. Perhaps aircraft can do a better job in accom- 
plishing this objective if they do not have to sacrifice 
everything else for speed. 


Will we, then, be able to dispense entirely with the 
human being in military air combat and replace him 
with a variety of guided missiles? My answer to that 
is: No. The reason is simple: no matter how complex 
they become, guided missiles are essentially stupid. 
Though they may be built to do many clever and won- 
derful things and to be relatively selective in their ac- 
tion, they are not able to exercise the type of judgment 
needed in battle. Man is capable of exercising judg- 
ment because of the extensiveness of his equipment. 
His sensing and memory storage units (brain cells, if 
you choose) are numbered by the billion, and it is likely 
that this is the order of magnitude of units inherently 
required to do the job. For mobile, inanimate de- 
vices, the number of sensing units will probably have to 
be limited to a few paltry thousands, even though full 
use is made of transistors. Although we are well on our 
way to making the man obsolete in many functions, he 
will always be the focal point of operation of complete 
systems—amilitary or otherwise—at least where the elu- 
sive entity of judgment is required. 


Commercial Speeds 


The speeds that are utilized in any form of commercial 
transportation represent an uneasy truce between the 
laws of physics and the pattern of economics. Though 
the laws of physics are immutable, the pattern of eco- 
nomics does change, so it is hard to make any definite 
prediction about optimum points in the future. The 
task is made somewhat simpler, however, by the fact 
that physical limitations on attaining high speeds of 
aircraft have been virtually removed during the last 2 
decades, so the economic factors now make up the prin- 
cipal determinant. The economic optimum is the result- 
ant of a battle among the cube law of the power-required 
for speed, fixed cost of operation, the degree of utiliza- 
tion of man power and equipment, and public demand 
for the commodity of speed. These parameters are 
common to any form of transportation. Aircraft, 
however, do have the advantage of a third dimension, 
which makes it possible to acquire additional increments 
of speed by going to higher altitudes, without substan- 
tial additional cost, in response to either public demand 
or weather conditions. This is particularly true for 
longer flights. 


For the past 2 decades, the estimates of the students 
of air transportation of the economic optimum speed 


The Ryan “Firebird,” air-to-air missile, provided much valuable 
engineering data that are being used to design improved missiles. 


* 


have been curiously close to the speed performance of 
the best commercial aircraft available at that time, in- 
dicating that there may be some element of rationaliza- 
tion in the process of arriving at the figure. However 
that may be, it is my opinion that the speeds that will 
be utilized for commercial operations within the next 
half century will not be in the realm of the fantastic. 
I cannot visualize regular commercial air liners traveling 
at supersonic speeds, even at extremely high altitudes. 
It costs too much, and there is too little to be gained. 
If I may venture an opinion, it would be that the com- 
mercial cruising speeds for long-distance flights will 
probably settle down in the neighborhood of 600 m.p.h., 
while for the shorter distances a prosaic 300 m.p.h. will 
prove to be adequate. This will represent substantial 
progress over the present but nothing really earth-shak- 
ing. 


HELICOPTERS 


While I am being pessimistic on cruising speeds, it is 
a simple task to cut the estimate down still more for the 
truly short-haul traffic. In my opinion, a really sub- 
stantial proportion of the intercity air traffic of the 
foreseeable future, for distances up to 200 miles, will be 
carried by helicopters at speeds not exceeding 200 m.p.h. 
For travel between adjacent large cities, with adequate 
downtown heliports, this will be the most rapid means 
of getting from here to there and, hence, will be the most 
used—for the short hops. The flying machines used 
will be helicopters of some sort, although perhaps they 
will be more graceful than the present specimens. 
However it may be adapted, it appears that the rotary- 
wing principle will be most practical for meeting the re- 
quirements of vertical landing and take-off, hovering, 
and high maneuverability. 

What about convertiplanes? I solve that problem 
easily by including them in the above broad definition 
of ‘‘helicopters of some sort,’’ provided they utilize the 
rotary-wing principle for take-off, landing, and hovering. 

The helicopter will also grow steadily in popularity 
in the fields of specialized uses in hard-to-get-at places. 
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The ‘“‘Bumper"’ two-stage rocket in flight. 


This applies to a multitude of military operations, as 
well as civilian activities, such as prospecting, forest- 
fire fighting, rescue, power-line patrol, etc. It will also 
have a role in the private, garden variety of air trans- 
portation—although hardly to the extent that the en 
thusiasts imagine. 


SAFETY AND RELIABILITY OF SERVICE 


Safety and reliability of service are mentioned to- 
gether because there are certain elements of opposition 
between these two parameters. The way to achieve 
100 per cent safety with airplanes is to have zero relia- 
bility—-namely, leave them on the ground. Con- 
versely, if you are going to have 100 per cent reliability 
of air transportation, which means operating in any and 
all kinds of weather and probably with insufficient 
maintenance, then your safety record is going to be sub- 
stantially less than 100 per cent. 

The air lines have made truly remarkable progress 
during the past few decades in both reliability and 
safety. However, this is no cause for complacency; we 
still have a long: way to go. While it is true that the 
safety record of the air lines, in terms of passenger fatal- 
ities per 100 million passenger-miles, over the past sev- 
eral years has been more than twice as good as that of 
private automobiles, it is also true that it has only been 
about one-tenth as good as the Pullman experience on 
the railroads. And while it is also true that the pro- 
portion of uncompleted, though scheduled, flights 
has been cut down to a fraction of what it was in 1930, 


JUNE, 1953 


the record of reliability is still far removed from that of 
the railroads in most parts of the country. 


A critical survey of the safety record of the air lines in 
terms of passenger fatalities per 100 million passenger 
miles indicates that we may have made no significant 
improvement during the last 7 or 8 years. Because so 
much thought and effort by both the manufacturers and 
operators is being put into the matter of safety, it may 
be that this 7- or 8-year record is only a plateau and 
that an era of greater progress in safety will soon be 
seen again. The scheduled commercial air lines have 
just turned in a remarkably good safety record for the 
calendar year 1952, which can give us a warm glow of 
satisfaction for the future as well as the present. Such 
optimism may, however, be based on erroneous assump- 
tions, unless some really new approach is undertaken 
for dealing with the problems of air-transport safety. 
There is, in any human activity, some level of safety 
which, on the average, cannot be improved. Let us 
hope that we have not yet arrived at that level in air 
transportation, even though the current evidence may 
be against us. We can go on improving the reliability 
of components of aircraft ad infinitum, and still there 
will be some accidents. Occasionally there will be a 
sequence of failures of this and that, sometimes coupled 
with an error in judgment, and an accident will occur. 
A careful survey of the record indicates that we have 
probably now come to the point where component relia- 
bility is so good that failure of a single component is 
seldom the sole determining factor in an accident. 
Most accidents are made up of some sequence of unu- 
sual events in the system as a whole, the system being 
the airplane, the pilot, the communications system, and 
the atmosphere. It is time to begin looking at the 
whole field of aircraft safety from the operations, or 
systems-analysis, point of view. If it is thoroughly 
studied in that frame of reference, I am sure that illu 
minating and beneficial results will be forthcoming 
which can permanently turn the curve of aircraft acci 
dents downward again. Before this next half century 
is finished, I am sure that the motto of the Guggenheim 
Aviation Safety Center at Cornell University—‘‘To 
make flying the safest form of transportation’’—will be 
realized and, further, that reliability of service will be 
very close to complete satisfaction, at least better than 
99 per cent. The details of such desirable improve 
ments will, of course, encompass the improvement in 
capabilities and reliability of the many inanimate com- 
ponents of the transportation system. This will be 
particularly true of electronic devices. The greatest 
improvements here are being stimulated primarily by 
the military research and development program. 


VOLUME OF TRAFFIC 


In 1940, about 1 billion passenger-miles were flown 
by regularly scheduled commercial air liners in the 
United States. About this time, a number of capable, 
technical crystal-ball gazers got busy with analyses ex 
trapolations, guesses, and hunches and began making 
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10-year predictions. Some of the more optimistic 
came out with the quite unacceptable forecast, as far as 
conservatives were concerned, that within a decade the 
amount of air travel would increase by 700 or 800 per 
cent. Actually, the performance turned out to be a bit 
better than these predictions. 

Similar predictions, within the last 2 or 3 years, in- 
volving somewhat the same methods, have indicated 
that by 1960, the commercial air traffic should be ap- 
proximately 15 billion passenger-miles—about double of 
that for the year 1950. Assuming a reasonably peace- 
ful world and a period of economic stability, it strikes 
me that this is a safe prediction. 

If one attempts to look further ahead than a decade 
or so by the use of analyses of past performance and 
extrapolations, he is in grave danger of falling heir to 
wishful thinking and simply playing his hunches. So 
if one is to look ahead for 5 decades, I think he might as 
well rely on guesses and hunches and let it go at that. 
On that basis, I am willing to volunteer an opinion that 
by the year 2003, the amount of commercial air traffic 
in the United States (including that now classed as exec- 
utive-plane travel) will increase by tenfold over the 
present—namely, to the order of 100 billion passenger- 
miles—and that air cargo will have at least a corre- 
sponding proportional increase over the present. This 
would represent a substantial fraction (probably 10 per 
cent) of all forms of travel in the United States, and I 
would think it might very well represent a reasonably 
stable plateau. 

The really marked increase in travel, however, will 
come in the international field, in which there is great 
room for beneficial expansion, not only because of the 
distances involved but because of the tremendous num- 
ber of people who have never yet had the benefit of air 
travel. The population of the United States is less 
than 7 per cent of the population of the world and the 
remaining 93 per cent have as much basic appetite for 
goods and services as Americans have. If anyone is in 
the position of needing to give serious consideration to 
future international economic planning, it is my opin- 
ion he would be on safe ground to assume that 50 years 
from now the world air-travel picture will encompass at 
least 1 trillion passenger-miles per year. Although this 
will require a large number of airplanes, it will not be 
an astounding figure, certainly not more than a few 
tens of thousands of up-to-date aircraft to take care of 
all of the commercial transport for all parts of the globe. 

The long-range military picture is so nebulous that 
one should probably not hazard any sort of a guess to 
pass on to the next generation. It is safe to say that 
the proportion of military activity handled by air will 
steadily increase, both for transport and combat duty. 
Whether the entire world will be heavily militarized in 
50 years, whether we will be at peace or war or in a state 
of metastable equilibrium, is completely beyond any- 
one’s powers to divine. 

Finally, the extent of the use of the air will be deter- 
mined by the amount of private flying. Here, much to 
the disgust of my aero-enthusiastic friends, I tend to 


remain on the pessimistic side. Basically, the busi- 
ness of flying with reasonable safety and reliability will, 
for the most part, be confined to the professionals, who 
have the best and most expensive equipment available, 
and this fairly well excludes the private flier with the 
light and inexpensive airplane. There will be more pri- 
vate light planes, and they will be used more than they 
are at the present, and the helicopter will have a signifi- 
cant role in this picture, but I cannot foresee enough of 
them to darken the sky or to serve as a substantial sub- 
stitute for the automobile. 


Perhaps I should attenuate this pessimism by stating 
that it is based primarily on patterns of economics 
rather than the laws of physics. If anyone wishes to 
alter the prediction, let him consider the following bal- 
ance sheet. 


What We Need in Everyman’s Helicopter 


An inexpensive, reliable machine, capable of foul- 
weather operation. 

(A) Inexpensive—in the $4,000 to $5,000 price range. 

(B) Reliable—safe to land with a power failure, 
which means several light, inexpensive engines. 

(C) Foul-weather operation—a poor man’s radar and 
autopilot, light and reliable. 


What Must Be Done to Meet Need 


(A) Develop reliable, light, inexpensive, highly ef- 
ficient, jet-type, rotor-tip power plants which will be 
used two-to-three per blade. 


(B) Develop the necessary inexpensive, lightweight 
reliable radar and autopilot gear. Here, as in many 
other items in the next 50 years, we might tread the 
path of victory through transistors. 


(C) Thoroughly explore the entire private transpor- 
tation systems of metropolitan centers to see where and 
how helicopters and automobiles can each fulfill their 
optimum roles. 


A program to meet these needs for the private flier 
would take many years and many dollars. I would guess 
that 40 to 50 million dollars would make only a fair 
start on the required research and development. I do 
not visualize the aircraft industry putting that kind of 
money ona dark horse. Perhaps the automobile indus- 
try, which is primarily interested in mass transporta- 
tion, will eventually desire to embark on such a pro- 
gram. If they do, it might possibly be successful, and 
I might have to eat my words of pessimism about the 
private helicopter. 1 would be very happy to do so. 


THE ASTRONAUT 


Undoubtedly it is a mark of advancing age, but you 
will observe from the preceding discourse that I have 
stayed on the conservative side of the predictions. At 
least I have made a poor showing in comparison to the 
comic strips and some fiction writers, and for this, 
to the more imaginative of my audience, I apologize. 
However, as a closing note, I would like to dispense 
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with the bonds of earth for a moment and look in on the 
astronaut of the year 2000 or so. 

About 2 years ago, an experimental two-stage rocket 
rose to an altitude of 250 miles above the earth. Rocket 
velocities have been attained which are of the order of 
one-half of those required to put an object in a perma 
nent orbit around the earth. The laws of physics 
have given us the nod, indicating that it is now possi- 
ble—just barely—-with available fuels and devices, to 
get a small fraction of the mass of a propulsive system 
to the velocities and distances that are demanded for 
space travel. Our developmental activities have 
taken us a substantial fraction, say one-fourth, of the 
way toward this accomplishment. The slick magazines 
have been well-filled recently with presumably serious 
expositions by Dr. von Braun and others dealing with 
the engineering and operational considerations of satel- 
lite vehicles, with extrapolated thoughts on space 
travel. Aeronautical engineers as a class, unless they 
happen also to belong to the American Rocket Society, 
tend to look askance at all such predictions and inti 
mate that they wouldn’t be caught dead even thinking 
about such things. 

As is usually the case, the actual course of events will 
probably be somewhere in between the stands of the 
pessimists and the enthusiasts. Since the act of getting 
beyond the bounds of the atmosphere and the bonds of 
our gravity is physically possible, I feel confident that 
it will eventually be done, for the human race probably 
has a lease of at least a few more million years on this 
planet. Whether anything happens within the next 50 
years or not depends primarily upon public interest 
and public support. The idea is so appealing, however, 
that I am confident that some attempts at the first as 
pects of space travel will be forthcoming within the next 
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5 decades, and I will predict that within that time there 
will almost certainly be a number of inanimate objects 
shot into appropriate position and with adequate veloc- 
ity to follow an orbital path 1,000 miles or so above the 
earth, just to show that it can be done. Such explora- 
tory missiles will also be used as instrument carriers to 
enlarge our knowledge of the physical makeup of the 
space adjacent to the earth. There is also a reasonable 
probability that someone will have sent an unmanned 
object to circumnavigate Miss Moon and photograph 
her back side. 

I doubt that any person within this allotted period 
will have attempted a manned flight on either an orbital 
or free-space expedition, although undoubtedly many 
will be willing totry. If anyone does attempt it, I think 
it will be premature, and the volunteer will not return 
to the earth alive. Eventually there will be successful 
manned flight into space, but I do not visualize it as an 
activity of the next 5 decades. As to ultimate possibili- 
ties, I find it hard to visualize them beyond the local 
scene—to the distance of the moon or thereabouts. 
The estimates of the probability of visiting or circum- 
navigating the other planets of the solar system I leave 
to some future predictor, and I do not believe he will 
have enough sound evidence at hand within the 20th 
Century to make valid forecasts of success. 

To keep the discussion within bounds, I should state 
that I am certain that, in the realm of space travel, no 
human being will ever have the privilege of going be 
yond the bounds of the solar system. Even if physics 
and engineering permitted it, the limitations of life 
span and physical needs would put it in the realm of the 
impossible for genus Homo. This gloomy pall of real 
ity should not, however, prevent any boy from retain- 
ing Buck Rogers as a congenial fireside hero. 
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The Birth of an 
Engine’ 


British Practice in Aviation Engine 
Procurement and Development 


F.R. BANKS? 


Ministry of Supply, Great Britain 


INTRODUCTION 


I have been asked to describe the methods used in 
Great Britain whereby engines are born and brought to 
manhood since all aviation en- 
gines are subject to a continual refining and revitalizing 


if not to maturity 
process. I propose, therefore, to describe the procure- 
ment or contractual methods at present used by the 
Ministry of Supply to obtain aviation engines and, also, 
to give my views on engine development. 


MINISTRY PROCUREMENT OR CONTRACTUAL PROCEDURE 


The essence of any satisfactory procedure is the speed 
and simplicity by which it can be implemented; and 
this, in turn, will depend upon the degree of mutual 
trust there is between the Industry and the Govern- 
ment Department concerned. I am not being at all 
complacent when I say that the British methods of 
initiating and progressing an engine contract are the 
most satisfactory I have yet encountered for rapid 
action and comparative freedom from official ‘‘bum- 
bledom”’ and paper work, giving the engine manufac- 
turer full scope to go ahead and do his best in evolving 
a new engine. 

There is no formal method of determing a require- 


ment for a new engine. Such a need may stem from 


* Dinner Speech, Eighth Annual Flight Propulsion Meeting, 
IAS, Cleveland, March 13, 1953. 

+ Air Commodore F. R. Banks has been lent by The Associ- 
ated Ethyl Company Ltd., to be Principal Director of Engine 
Research and Development, Ministry of Supply, London, Eng- 
land. 


a specific aircraft project, resulting from an Air Staff 
“operational requirement,’’ for which existing engines 


are unsuitable; it may originate within the Ministry 
of Supply or from an engine manufacturer, ahead of a 
specific aircraft requirement, or come as the result of 
discussions between the latter and an aircraft construc- 
tor whose new project—it is mutually hoped—may be 
of such merit as to warrant an Air Staff requirement 
being written around it. 


Recently, an attempt has been made to assess more 
accurately the right size and type of engine to build in 
anticipation of a future aircraft requirement so that it 
may have some chance of being developed to an accept- 
able standard and well in advance of the prototype 
aircraft. 

In this instance, meetings were held at the Ministry 
with the aircraft designers of both fighters and bombers 
(in two separate groups). As a result of these infor- 
mal discussions, which considered hypothetical, but 
probable, aircraft requirements in each case, it was 
possible to get some idea of the ‘“‘envelope’’ or parame- 
ter of maximum power and performance required and 
whether this power should be vested in one or two en- 
gines for the fighter or, say, more than four for the 
bomber. 


After some idea of the likely power and performance 
required from a single engine was obtained, visits were 
then made to the engine firms to discuss informally which 
of a number of design suggestions might best meet the 
(hypothetical) aircraft need. The meetings to date 
have led to the preparation of some interesting general 
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arrangement drawings and design brochures by the 
engine companies, which are now being studied. 

My reason for stressing the importance of coming to 
the earliest possible decision for a new engine is that 
its gestation period of 4 or 5 years, from the commence- 
ment of design to the Type Test stage, rarely gives suf- 
ficient time to get the engine ready for the prototype 
aircraft, and there is often far too little background of 
bench and flight testing. 

Also, since the turbojet and its aircraft are so in- 
terdependent, to meet the designed performance 
and it is not possible to consider one without the other 
an engine that is already available is a safer bet than 
one which is only a gleam in the designer’s eye when the 
aircraft requirement is already established. 

The obvious risk in building an engine much in ad- 
vance of a specific aircraft requirement is that it may 
not be wanted immediately, to the discouragement of 
the engine manufacturer; but this is where experience 
and a nice sense of judgment and timing come into the 
picture, coupled with an attractive engine, which, like 
a woman, cannot be refused or ignored. 

The Nene (J.42) was in exactly this position when it 
was built. We ordered it, thinking at the time (1944) 
that an engine of 4,000-5,000 Ibs. thrust would be re- 
quired; but no aircraft became available for a year or 
two afterward until the Hawker N.7 (the prototype of 
the Sea Hawk) was designed for it. 

For that matter, the Avon, Ghost and Sapphire 
engines were ordered against no specific aircraft re- 
quirement; and, though the Dart and Mamba pro- 
peller turbines were originally ordered for an RAF 
trainer, they were never actually used for this purpose 
but have since been fitted to quite different aircraft 
the Vickers Viscount (Dart) air liner and the Fairey 
Gannet (Mamba) naval aircraft. 

The early idea that the gas turbine could be tailored 
for each aircraft requirement has not been realized in 
practice; and the situation today is similar to that of 
the piston-engine era, where the engine took longer than 
the aircraft to develop and the latter was generally 
tailored to suit. 

What gave rise to the “‘tailoring’”’ theory was the rel- 
ative simplicity and consequent ease of manufacture of 
the Whittle-type engine and the fact that this new 
prime mover demanded close matching with the aircraft. 
But, since the axial-compressor-type engine has now 
come into its own and is so prodigal of man-hours to 
manufacture, it would be most expensive to build a 
plurality of different engines to suit each and every new 
type of aircraft. 

I will now summarize the Ministry of Supply pro 
cedure for engine procurement as follows: 

(1) If the idea for an engine originates from the 
Ministry of Supply, it is discussed with a number of 
engine firms, particularly those having the most ex 
perience of the particular engine type. If, however, 
the project comes from one firm, then discussions are 
held with that firm alone. 
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(2) When ideas have been sufficiently crystallized to 
produce a general arrangement drawing and design 
brochure, the National Gas Turbine Establishment 
may be brought in for a technical assessment of the 
design. (This is an aero- and thermodynamic assess- 
ment, but, sometimes, comment is also requested upon 
the mechanical design.) The Ministry of Supply and 
the Royal Aircraft Establishment aircraft projects 
sections will also be asked for an appreciation of its 
performance suitability for a foreseeable aircraft require- 
ment. 

(3) There is no fixed rule that a firm aircraft require- 
ment is necessary before an engine can be ordered. 
Conversely, some aircraft projects of radical or un- 
conventional design may demand entirely new or con- 
siderably modified engines, which must then be ordered 
in parallel with the prototype aircraft. 

(4) The Principal Director of Engine Research and 
Development, having satisfied himself that a partic- 
ular engine should be ordered, will decide which of the 
firms submitting brochures should be given the contract, 
assuming the project is not the idea of any one firm. 
He will take into account the engine type and deter- 
mine the firm or firms most capable of executing the 
final design and bringing the development of the en- 
gine to fruition. Often, a contract will be awarded to 
more than one engine firm, particularly if the require- 
ment and conditions are sufficiently unusual or novel 
to warrant some insurance measure and spreading of 
the technical risk. Consideration will also be given to 
the pressure of work at each firm and the overall loading 
of the Industry. 

(5) Having made his decision, the Principal Director 
of Engine Research and Development will submit a 
formal request for the engine to the Controller of Sup- 
plies (Air) through the Director-General of Technical 
Development (Air) and, in some cases, the Principal 
Director of Scientific Research (Air). (See Fig. 1.) 
Upon receiving agreement, a requisition is then sub- 
mitted to the finance (Air 2) and contract branches for 
financial approval and contract action to order a num- 
ber of development engines. Since the War, six en- 
gines have usually been ordered, but this number may 
be increased as development proceeds and, particularly, 
when the experimental flight stage is foreseen. 

(6) Before the finance branch clears the requisition, 
it must first seek Treasury approval. This applies to 
a completely new engine type rather than to another 
“Mark” of an existing engine, the expenditure for 
which can usually be approved directly by the finance 
branch within the Ministry. 

The Development Engine Supply Contract issued to 
the firm may or may not be linked in the first place 
with a detailed specification for the engine. This will 
depend somewhat upon the stage reached in the de 
sign of the engine and when the contract is received. 
The design may have progressed so far as to permit a 
complete specification to be written, or, if the discus 
sions prior to contract action have been brief, the con 
tract may then refer to ‘‘a specification to be issued 
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later.”’ Specifications 2100 end 2300, which detail the 
common requirements for aviation turbine engines, 
must be adhered to as a contract requirement. 

The whole contractual procedure, from the time it is 
agreed to order the engine, may take from 1 to 3 
months to complete; but this does not normally delay 
or restrict the engine manufacturer, who will go ahead 
with his final design. If absolutely necessary, an ‘‘In- 
struction to Proceed”’ can be issued pending completion 
of the contract action. 

The Ministry do not pay separately for the design of 
of an engine, but the cost of this will be included in the 
engine supply contract. 

The whole contractual procedure is flexible and 
greatly depends upon the goodwill existing between the 
Ministry and the engine contractor. 

When a contract is awarded to a firm, it will usually 
confirm the manufacturer’s tender and price for de- 
signing the engine and building a number of prototypes 
for bench development. This initial contract may 
also include any additional engines that have been 
agreed upon between the firm and Ministry for a flying 
test bed or any aircraft prototypes calling for the engine. 

As a general rule, the engine manufacturer will in- 
itially require about six engines for bench tests, with 
two or three additional engines, later, for his experi- 
mental flight tests. The number required for each 
prototype aircreft will depend upon the type of air- 
craft and the number of engines fitted. In the case 
of multiengined aircraft, it is usual to estimate spare 
engines on the basis of 50 per cent of the number of 
engines fitted in the aircraft—i.e., four plus two for a 
four-engined machine. For a single engine fighter, the 
quantity of engines ordered will depend upon the num- 
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ber of aircraft ordered off the prototype, but it is usually 
kept to about 50 per cent of the engines fitted—the 
minimum spares being one, for one or two aircraft only. 

It is unlikely that the manufacturer will machine 
more than two or three complete sets of engine parts 
at the outset, leaving the remainder in the form of 
rough forgings and castings, etc., since a radical change 
and complete redesign may become necessary as the 
result of failure in the early development phase. 

The contract price and conditions for these engines 
will make provision for an acceptance test of the proto- 
type engines, at powers to be decided later. The con- 
ditions of the acceptance test for the first prototype 
engine will depend upon the type of engine and whether 
its design follows well-tried lines (such as another Mark 
of an existing engine) or whether it is entirely original. 
In the former case, the test conditions may demand a 
2 hours’ run on the test bed at a high percentage of the 
engine’s maximum rating. If the engine is of original 
design or represents completely new practice, the test 
will only be a nominal one consisting of about 2 hours 
at, say, 50 per cent power. In practice, the conditions 
of the acceptance test are flexible and are dictated by 
past experience and the knowledge of the engine 
submitted for test. 

The original purpose of the test was to ensure that an 
engine was up to a certain technical standard to justify 
the expenditure of public funds upon its further de- 
velopment for eventual adoption as a Service type. 
In actual practice, however, the acceptance test is re- 
garded merely as practical proof of completion of the 
initial prototype engine and that it is capable of run- 
ning. It is felt impracticable to expect a completely 
new engine to pass more than a nominal test; other- 
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wise, costly development would devolve upon the en 
gine contractor who would, in these days, find difficulty 
in bearing it. Each and every prototype engine must, 
however, pass an acceptance test, the severity of which 
is increased progressively according to the state of 
development and behavior of the engine or engines 
previously built, until a firm rating has been established 
for the type. Engines accepted subsequently must 
The ob- 
ject here is to achieve a better standard for each subse 


then pass a 2-hour test based on this rating. 


quent engine. 

After the acceptance test and when the engine has 
been stripped and examined by Ministry inspectors 
and those of the firm, bench running is commenced on 
another (separate) contract calling for x hours of experi 
mental running at the rate of £y per hour. 

British practice is to issue one contract for building 
the prototype engine(s) and another for its develop 
ment (experimental running). The latter can be ex 
tended or a fresh contract granted as development 


proceeds. Normally, the firm will allow in their esti- 


mates for the replacement of failed parts and also the 
design and manufacture of any new components needed 
during the development of the engine; but a radical 
redesign for, say, an increased performance requirement 
will be covered by another contract. 

A Special Category or flight clearance test, similar 
to your USAF Flight Substantiation Test, is required 
before the engine can commence experimental flying. 
his is usually a test of 25 hours’ duration but may in- 
volve a longer period depending upon the state of 
development of the engine at the time. If, for exam 
ple, the engine has had 2,000-3,000 hours of bench 
running, including some 150-hour periods, then a 25 
hour test may be adequate to clear it for flight; but, 
if relatively little bench testing has been accomplished 
or if the total running time is composed of short runs, 
a longer test may be demanded. The full brochure 
rating of the engine may not necessarily be demanded 
if early flight testing is considered desirable. 

At what particular stage of development this test is 
done will depend entirely upon the progress made and 
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when the engines are required for the prototype air- 
craft; but it is usually completed as soon as practicable 
to establish the engine’s performance and potential 
reliability. Where possible, a flying test bed is also 
provided to establish the performance and handling 
characteristics of the engine and its reliability in flight. 
We regard the experimental flying phase of a new 
engine’s development as equal in importance and com- 
plementary to bench testing, and there is now in draft 
form, but not yet approved, a ‘‘Flight Test Schedule.”’ 
The object of this new schedule is to regularize and 
standardize flight testing procedure where possible, 
which, to date, has been rather left in the hands of the 
individual engine builder to work out in his own way. 
Finally, comes the Type or Model Test of 150 hours’ 
duration. The engine manufacturer will try to com- 
plete this test as soon as he is satisfied that the perform- 
ance and mechanical standard of the engine justify 
the attempt. The official Type Test is usually pre- 
ceded by a number of 150-hour tests, which are run to 
Type Test conditions but not subject to official obser- 
vation and 
after test. 


measurement of dimensions before and 

I have shown graphically, in Fig. 2, the differences 
between British and United States Type and Model 
Tests. British official engine tests are done at the 
plants of the engine manufacturers and not at govern- 
ment establishments but are under Ministry super- 
vision. All engine performances are brought to stand- 
ard sea-level conditions by officially approved correc- 
tion factors. We consider that our Type Test fairly 
closely represents actual engine flight conditions, as 
evidenced by the performance of the Ghost engine in 
the Comet and the Avon in the Canberra. 

Normally, the completion of the Type Test permits 
the sealing of the Drawing Introduction Sheet (a list 
of approved drawings for that engine type or model), 
which act of approval allows production to proceed. 
But, if it is urgently required to put the engine into pro- 
duction, permission can be given to release material 
and tooling in advance of the Type Test; separate 
sections of the Drawing Introduction Sheet may also be 
approved and sealed before the Type Test, to enable 
machining of components to commence. An Instruc- 
tion to Proceed can also be issued for speeding produc- 
tion preparations as for expediting development en- 
gines. 

After the Drawing Introduction Sheet is sealed (or 
any of its sections), prior agreement of the Engine 
Modifications Committee (EMC), at the Ministry, is 
required before any further design changes are made. 
Until the Drawing Introduction Sheet is sealed, design 
changes are largely the firm’s concern. 
the Local Modifications Committee 
(LMC), which operates at the firm under the chair- 
manship of the Resident Technical Officer. The 
members of this Committee are drawn from the firm, 
the Resident Technical Officer’s staff and the Aeronau- 
tical Inspection Directorate. 


There is also 
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Where possible, the LMC puts forward to the EMC 
modification proposals for the latter’s approval. If 
approval is obtained, the LMC decides the tests re- 
quired and, upon their successful completion, prepares 
a case for the final approval of the modification by the 
EMC. This will include the cost of introducing the 
modification and the estimated date for putting it into 
production, ete. During the last war, modification 
action was, in certain cases, speeded up by giving more 
authority to the LMC. 

The Services, the Royal Navy and the Royal Air 
Force, are also represented on the main (EMC) com- 
mittee. 

All these proceedings are exceedingly flexible and can 
be expedited if necessary. For instance, if the matter 
is urgent, the Resident Technical Officer at the partic- 
ular firm may ‘phone the Chief Resident Technical 
Officer at the Ministry, who will then speak with the 
members of the EMC and clear the modification re- 
quired to the Resident Technical Officer. The paper 
work is then put in order at the next EMC meeting. 

British procedure for the performance acceptance of 
production engines is as follows: First, the brochure 
performance is vetted by the Ministry and, if accepted 
as the performance likely to be achieved, the Type 
Test conditions for the engine are then based upon a 
combination of r.p.m. and jet-pipe temperature cal- 
culated to give as nearly as possible the brochure 
Production engines are expected to meet this 
performance but are allowed a low limit of 4 per cent 


power. 


below Type Test power to pass, provided the jet-pipe 
As | 
understand it, United States practice is to declare the 


temperature is within the permissible limits. 


nominal maximum engine rating as the minimum ac- 
ceptable for clearing production engines. 

In our view, there is little to choose between the two 
procedures, but, at present, we favor our own method. 
We always attempt to obtain, from Type Test results, 
a nominal rating that will represent the average pro- 
duction engine; and we have also found, in practice, 
that the average negative tolerance on production test 
is nearer 2 than 4 per cent. There is little advantage, 
and sometimes considerable disadvantage, in erring 
on the high side of jet-engine performance in produc- 
tion because of the effect it may have upon fuel consump- 
tion and range. In the case of multiengined aircraft, 
it is important that the average hourly fuel consump- 
tion is not substantially different from the nominal 
figures supplied to the aircraft designer. For the sin- 
gle-engined fighter, a wide variation in thrust or fuel 
consumption between production engines can also be 
embarrassing. 

A reduction in the negative allowance, from 4 to 2 
per cent, while still retaining the present nominal av- 
erage rating, may soon be agreed. In this connection, 
we have successfully tried, in certain cases, the United 
States method of adjusting propelling nozzle areas by 
“mice.” 

Another allowance is also made in the Type Test to 
meet engine behavior at altitude. At present, British 
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engines employ a method of control in which the fuel 
supply is regulated by throttle setting and ram pres- 
sure, with a top limit controlled by a maximum speed 
(r.p.m.) governor but without any link-up with jet 
pipe temperature. Since jet-pipe temperature often 
tends to increase with altitude, it is necessary to set 
the limiting temperature, for acceptance of the engine, 
at 20-30° C. (36-54° F.) below the operating limit 
fixed by the Type Test to meet this temperature in 
crease, although the minimum acceptable thrust must 
remain within the 4 per cent drop allowed for production 
engines. 

Automatic jet-pipe temperature control is now being 
developed and will be introduced on all British engines 
in the near future. This will relieve the pilot of con- 
tinually heaving to adjust the throttle to avoid ex 
ceeding engine temperature limitations. 

The reason for accepting production engines at a 
lower jet-pipe temperature than that cleared on Type 
Test is not only to cover the altitude case but also to 
meet the sea-level tropical condition of high inlet tem- 
perature. Often, Type Tests are run with smaller 
than standard final nozzle area to clear for high tem 
perature, which procedure incidentally gives higher 
than brochure thrust. 

Insofar as reliability is concerned, the test-bed thrust 
is secondary in importance to r.p.m. and turbine inlet 
temperature. But, taking the case of the propeller 
turbine, we are interested in the actual shaft horse 
power developed on account of reduction gear and 
propeller stressing. 

The Type Test (plus previous development running) 
determines the operating limits of r.p.m. and tem- 
perature and, therefore, only a preliminary or provi- 
sional power rating is given the engine upon completion 
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of this test. The thrust of a turbojet (or the horse- 
power of a propeller turbine) is finally based on the 
average performance of a number (10-20) of production 
engines. This might even lead to an increased rating, 
within the acceptance limits of r.p.m. and jet-pipe tem 
perature established on Type Test. 

The acceptance test for production engines is 
Specification 2100. Briefly, 

endurance test, a _ strip 


fully described in 
this consists of an 
examination and final test. The former demands 
two starts, one of which must be from cold (ambient 
temperature), by the starter motor that will be fitted 
to the engine in service. There is then some prelim 
inary running to show that the engine is operating 
satisfactorily. After this, the engine is given 5 min. 
running at ground-idling r.p.m. followed by 1 hour and 
50 min. at maximum continuous r.p.m. and 10 min. at 
the maximum declared r.p.m. 


Next come three accelerations from ground-idling 
r.p.m. and three from approach-idling r.p.m., to 
take-off thrust or power. The time taken to move the 
control lever from approach idling to the take-off 
position must not exceed 2 sec., and the time for the 
engine to accelerate from approach-idling r.p.m. to 
95 per cent of take-off thrust or power must not ex 
ceed 5 sec., unless otherwise agreed. 

Six decelerations from take-off to ground-idling con 
ditions are then specified, and the time taken to move 
the control lever from take-off to ground-idling position 
must not exceed | sec. 

After production test, the engine is then completely 
stripped for examination. If in satisfactory condition, 
it is reassembled and run to a schedule given under the 
heading ‘‘Final Test’”’ on page 25 of Specification 2100. 
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THE BIRTH OF 


The top officials of the engine branch at the Ministry 
attend regular technical meetings at the firms to discuss 
the progress of each contract item. Decisions can 
then be reached and action taken with the minimum 
delay, keeping all concerned informed of a particular 
engine’s state of development and the progress of any 
engines programed for prototype aircraft, etc. These 
meetings, which were held at monthly intervals during 
the last war, are now scheduled for every 6 weeks. 

Naturally, the development of an engine continues 
after the Type Test for design refinement and to increase 
the power rating or to improve the fuel consumption, 
to lengthen its life between maintenance periods, and 
for the investigation of defects resulting from actual 
use in military service. 

Incidentally, all engines for prototype aircraft are 
included in the Research and Development budget and 
are not debited to Production. This system has one 
disadvantage where limited funds are concerned: the 
successful engine firm, whose engines have been ac- 
cepted for a number of different prototype aircraft, must 
allow for the absorption of a relatively high proportion 
of research and development expenditure in the man- 
ufacture and supply of these preproduction engines. 
This method of procurement is, however, advisable 
since it is essential to have full technical control of all 
engines in their experimental flight stages. 

It should be stated here that all engine-driven acces- 
sories, which include those necessary for the functioning 
of the engine (fuel and oil pumps and starters, ete.) and 
those driven by the engine for the aircraft services, must 
pass the engine Type Test. They are also subjected to 
many hundreds, and even thousands, of hours of experi- 
mental and endurance running on rigs. 

Fig. 3 is the organization chart of my Directorate in 
the Ministry of Supply. It is, I hope, self-explanatory, 
but I would draw your attention to the footnote, which 
gives the total number of personnel employed—i.e. 
144. This includes the scientific, technical and clerical 
staff at headquarters and at the engine firms. 

Since the man and not the machine is the controlling 
factor in the creation of an engine (or anything else for 
that matter), the question of personnel is of the first 
importance, and the exercise of benevolent control by a 
minimum of Ministry staff is only possible if experi- 
enced individuals are available. 

Practically all the technical and scientific staff mem- 
bers in the aircraft and engine Directorates of the 
Ministry of Supply are civil servants, although there is 
a sprinkling of Service officers heading up some of the 
Directorates and sections. I have Royal Navy and 
RAF officers on my staff, whose duties are to supplement 
our normal contacts with the Services and to keep in 
touch with their respective Services regarding behavior 
of the equipment in the field. This group also includes 
a USAF oficer who is attached to my Directorate on 
the exchange basis now operating between Britain and 
the United States. 

I favor a hard core and a high proportion of civilian 
technical personnel in these Directorates, since their 
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individual and aggregate experience is considerable 
and they are able to guide and advise any officer per- 
sonnel who may head a Directorate from time to time 
but whose tour of duty (usually 3 years) is hardly suf- 
ficient, without some previous background of expe- 
rience, to permit the exercise of balanced judgment 
without such advice. 

I do not believe in putting civil servants in uniform 
and, therefore, rendering them subject or subservient 
to military law and discipline, except for their own pro- 
tection in a theater of war. 

With regard to the relationship between the Min- 
istry and Industry, I always try to impress upon my 
staff that we do not build the engines but are there to 
help the Industry and see that we get what we want, 
and, while we can give advice to a firm on a particular 
technical point, it is for the latter to seek its own de- 
sign and mechanical solutions. But we have, both at 
the Ministry and the National Gas Turbine Establish- 
ment, experienced performance specialists and engi- 
neers who can advise critically on engine design and de- 
velopment and whose opinions and advice are always 
in demand by the Industry. 


ENGINE DEVELOPMENT 


I have tried to explain, as briefly as I can, the con- 
tractual procedure operated by the Ministry of Supply 
and the relationship between the Ministry and the 
Industry in the procurement of aviation engines. But, 
while these play leading roles in the birth of an engine, 
the most important part, the actual birth, takes place 
at the manufacturer’s plant. 

It is not an overstatement to say that there are only 
a few firms in the world today who really understand 
the art of developing and building a successful aviation 
engine and who can carry the whole effort through effec- 
tively and expeditiously. The aviation engine still 
represents an engineering art, even in this fiftieth year 
of its first successful venture into the air, an art aided 
by modern science and technology. 

While the aviation gas turbine is taking the place of 
the piston engine for most, if not all, important aircraft 
applications, and responds more readily than the latter 
to theoretical treatment in the design stages and prior 
to prototype manufacture, it was not until it got into 
the hands of the legitimate aviation engine manufac- 
turer that it really progressed. In fact, it is because of 
the accumulated experience of the aviation piston 
engine in the last 30 years that the gas turbine has pro- 
gressed so rapidly. 

The industrial engineering firms were the first to be 
introduced to the aviation gas turbine because they 
alone had any sort of turbine experience, which was 
thought (wrongly) to be needed for this engine’s suc- 
cessful future development. The War and their own 
prejudices prevented or delayed the acceptance of this 
new prime mover by the legitimate aviation-engine 
builders. The industrial firms did, however, make one 
or two good attempts to design and build a workable 
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turbojet engine. These concerns, with many years’ ex- 
perience in the manufacture of massive steam turbines 
and electrical generating plants for public utility pur- 
poses and for ship propulsion, could hardly be expected, 
almost overnight, to get down to such a lightweight 
piece of mechanism as the aviation engine. Their past 
experience was all in the design of engines having safety 
factors that permitted 20 years of trouble-free opera- 
tion. Since little or no restriction was placed upon 
the weight of such plant, it was not necessary to obtain 
the absolute maximum output or to reduce scantlings. 
Indeed, it would have been quite uneconomic to do so. 

These conditions have always governed and en- 
forced conservative practices in the industrial field, 
and it is surprising to me that any progress was made at 
all with the aviation gas turbine by the industrial 
engine firms. But, in my opinion, it will take another 
10 years for those industrial organizations remaining in 
this specialized business to master the design technique 
and development of the aviation engine and then only 
if they are willing to learn by bitter experience. And 
where will the successful aviation-engine firms have 
progressed by that time? I emphasize the word 
“‘successful’’ since some of the legitimates in the avia- 
tion engine industry have “‘fallen flat on their faces” and 
nearly to ruin as a result of lack of a sound engineering 
policy and good technical control, or being overridden by 
bankers and accountants who came in at the top be- 
cause of previous bad management and then tried to 
dictate technical policy. 

Take heed! While these gentlemen are necessary 
for the proper support and operation of any and every 
engineering concern, do not allow them to dictate tech- 
nical policy or override those whose business it is to 
control such policy. 

I have already inferred that aviation engineering is 
quite peculiar and different from any other class of 
engineering, particularly since it must always carry 
such a large research and development load relative to 
that of production. I have long come to the conclu- 
sion that aviation, as such, is more a state of mind 
than anything else. If you wish to progress in this 
field you must think aviation, breath aviation and live 
aviation. Your family will first be enthusiastic in 
their association with this great something that is 
aviation. Then, as you finally become completely ab- 
sorbed, they will become resentful, angry and even 
violent, or just resigned, leaving you to it and going off 
on their own and finding a hobby or pursuit as far re- 
moved from aviation as possible. Be that as it may, 
unless you absorb aviation into your very soul, you will 
never have the enthusiasm to beat your brains out in 
trying to solve the insuperable problems that arise 
from minute-to-minute, hour-to-hour, day-to-day, year- 
to-year and decade-to-decade. 

To be first in producing good engines it is essential 
that you be enthusiastic. Then you must create an 
organization that can make, break, and remake and, 
finally, produce engines more quickly than your com- 
petitors. The ability to ‘‘make and break’’ engines 
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rapidly and to keep a flow of experimental engines 
which practically swamps the test benches is the only 
known way of successfully developing an aviation 
engine. 

Assuming careful and competent design in the first 
place, bench running and flight testing are the cheapest 
form of engine development. It is when the engine is 
off the test bed and lying in the shops, waiting for new 
or modified parts, that time and money run away. One 
can usually single out a successful firm by the number 
of engines you see or hear on test during a year of visits. 
In the case of the less successful concern the silence in 
this respect can sometimes be deathly—to the firm. 
I emphasize the great importance of sound design, 
since | month spent in the design office can save many 
months of prolonged development afterwards. 

Contrary to our optimistic prognostications of 6 or 
S years ago, when it was thought that the turbojet 
could be designed, built and type-tested within 2 years, 
the modern axial engine takes about the same time to 
bring to the Type Test stage as did the larger and more 
complex piston engine. But the gas turbine, whatever 
its type, passes through the flight test stages and into 
actual service much more quickly than the piston en- 
gine, principally because of the considerably reduced 
mechanical and installational problems and the, almost, 
complete lack of cooling requirements. The day-to- 
day inspection and maintenance of the gas turbine in 
military and in air-line service absorbs far less man 
hours than does piston-engine inspection. 

These desirable features of the gas turbine have per 
mitted some modification of past practice with regard 
to the procurement of engines for civil use. In the 
period between the last two wars, the high-duty piston 
engine generally originated as the result of a military 
requirement and was afterwards adapted to civil needs. 
Therefore, its basic teething troubles were largely over- 
come before being put to air-line use, although civil 
operation always brought out other weaknesses not ap- 
parent in military service, principally because of en 
gine hours accumulating more rapidly and the air-line 
operators’ demand for longer running time between 
maintenance periods. Since the last war, however, 
military requirements have not always included the 
particular engine types wanted for air-line operation, 
and, in certain cases, it has been necessary to design and 
build such engines (propeller turbines) specifically for 
civil purposes. This has meant the introduction of 
engines having no previous flight background, the ac- 
cumulation of which then falls upon the aircraft man- 
ufacturer and the air-line operator. It is, therefore, 
fortunate that the gas turbine lends itself better to 
more rapid flight development and acceptance than the 
piston engine. 

Turning now to the rate of engine development: the 
design of an axial-type turbojet of 8,000—-10,000 Ibs. 
static thrust absorbs about 1 year, and a further 12 
months or more will be required to build the first proto- 
type engine—or, say, 2 years from the first line on the 
drawing board to the test bench, ready to run. Then, 
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DEVELOPMENT Time YEARS 


in the following 5 years, there should be completed 
8,000-—10,000 engine hours of bench running and about 
2,000 hours of flight testing. From 3,000—4,000 engine 
hours of bench running is a good yearly figure in the 
fourth and fifth years. In Fig. 41s shown a curve giving 
the average period for developing an axial engine from 
commencement of design to Type Test. 

Personally, I used to think that when we had built a 
number of axial engines we would be able to see a re- 
duction in this 4- or 5-year period because of our greater 
accumulated knowledge of the axial compressor. But 
there are yet a number of problems to be mastered, and 
we still meet the same old troubles of compressor stall 
and blade vibration and ‘‘flutter,”’ in addition to which 
any new engine represents an advance that will bring 
with it different conditions and other unknowns. We 
are, however, in a better position to overcome these 
troubles more quickly than was the case a few years 
ago. 

In my opinion, there is one important difference 
between British and American practice as affecting the 
rapidity of prototype engine manufacture. We still 
have some good trade or craft apprentice schemes in 
our engine firms which produce skilled workmen (fitters 
and machinists), with the result that experimental 
engines can be built relatively quickly and with the 
minimum of jigging and tooling. Admittedly, we are 
presently short of skilled labor. This is due to the 
fact that the state of our national economy is such that 
there has been an almost barometric variation in the 
orders given to the aircraft industry, according to the 
state of world politics: labor, particularly, is chary of 
an industry that appears to prosper only in time of war 
or national emergency and would rather remain in the 
more stable industries whose operations are relatively 
steady or less subject to violent change. 
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We also lack a sufficient number of highly qualified 
men coming from our universities and technical colleges 
and are already feeling this deficiency. 


However, we do appear to have a more stable con- 
dition in our design offices. I understand that in the 
United States the young man does not generally take 
kindly to the idea of spending some years engaged in 
engineering design and can earn better promotion and 
money on the production floor or in the field. In 
England, a designer is thought to have a promising 
professional career ahead of him, and he can eventually 
become Chief Engineer of his firm, particularly if he has 
had previous experience in other departments before 
going to the design office. In any case, a young man 
should go through the plant (the machine shops, 
and the experimental and servicing departments) before 
entering the design office, otherwise he is likely to 
perpetrate ‘“‘quite impossible”’ designs. 


I would now like to say something about the suita- 
bility of British engines for production. 


Recent articles in the American press have stated that 
we design engines that are difficult to produce in quan- 
tity. This is certainly not the case when considered in 
terms of production cost. All aviation engines are 
relatively difficult to produce, but there are none that 
I know of which cannot be produced in quantity by the 
facilities you possess, coupled with the great ability of 
your production specialists. Further, we built num- 
bers of the most complex engines in the last war without 
unusual difficulty——and so did you, on our behalf. 


When considering a licensed engine, it is important 
not to make any changes from the original purely to 
facilitate production. In fact, a licensed engine should 
be a ‘‘chinese copy”’ of the original with regard to both 
materials and manufacture. 


An engine that has just passed the Type or Model 
Test is still in the early development stage and, there- 
fore, more vulnerable to engineering and material 
changes. But it is quite natural to acquire the license 
for an engine in its early development in order to ensure 
the most up-to-date product when produced. 


It requires great caution and restraint on the part of 
the licensee firm in making any engineering change, 
particularly for production reasons, where production 
may just be starting or already in full spate and if there 
are insufficient running hours behind the design change 
or modification ; subsequent failure in production engines 
can lead to a chaotic state when dealing with the large 
production rates common to the United States. 


Incidentally, the engine mentioned in the American 
Press has less critical material in its make-up than exist- 
ing engines and is, therefore, all the more acceptable 
when considering wartime production. 


British philosophy is that a completely new aviation 
engine must first be made to work and give its calcu- 
lated performance, and there should be little or no 
design compromise for production’s sake at the risk of 
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failure to achieve the performance requirements. If, 
however, the production order is sufficiently large to 
warrant later a reconsideration of the design of a par 
ticular component, to help manufacture, the redesigned 
or “‘productionized”’ part must be subjected to consid- 
erable and intensive experimental running before it is 
finally approved and introduced in the engine Drawing 
Introduction Sheet. This is, of course, easier to accom 
plish with our smaller production quantities. 


The various points I have attempted to make here 
are also intended to emphasize the importance of time 
and timing in this aviation business. If the timing is 
not right and a particular engine is produced too late 
and beaten at the post by a competitor (even if that 
engine is of somewhat inferior performance), the fact 
that the aircraft constructor could not depend upon 
getting the engine he originally wanted is sufficient to 
put its acceptance back some years—even for good if 
there is no other requirement. For this reason, and in 
spite of the fact that the aviation industry in all coun- 
tries is nationally supported through the medium of 
military orders, there is considerable competition 
among the individual engine builders; one has only to 
go back through the years, to the period between the 
two wars, to see how the fortunes of the major firms 
have changed and fluctuated because of “‘the luck of 
the draw’”’ and because a certain engine was available 
before others or more suited to a particular air frame. 

As I have previously remarked, it is the man that 
matters rather than the machine. And to get experi 
enced aviation engine designers and development en 
gineers, it is necessary to pay them well because you are 
buying experience that is not in any book. 
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CENTRIFUGAL AND AXIAL ENGINES—THEIR RELATIVE 
Cost 


The axial-type engine is now fully accepted on its 
own merits of superior overall performance. This 
does not imply that the centrifugal has been incapable 
of improvement, since any engine will respond to in- 
tensive development; there are still in existence some 
axials that are no bettter than, or as good as, the cen- 
trifugal. But the former (axial) has practically all 
the advantages, although it is more costly to produce 
than the centrifugal engine. Our present experience, 
of relatively small production quantities, suggests that 
its relative cost would be about twice that of the cen- 
trifugal, in terms of pounds sterling per pound of en 
gine weight. 


If, however, the centrifugal were designed for 
the same pressure ratio as some of the present 
axials, then it would probably cost more than the 
latter—on the same costing basis. 
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ENGINE PERFORMANCE TESTING AND CALIBRATION 
FACILITIES 


Because of limited financial resources, it has not been 
possible for the individual firms to provide all the fa- 
cilities considered necessary for the performance testing 
and calibration of turbojet engines, particularly at 
simulated altitude conditions. But we have succeeded 
by improvisation in obtaining surprisingly close agree- 
ment between our component tests and the performance 
of the full-scale engine in the air. For instance, in- 
sufE.cient power has been available to make compressor 
tests at full output and, therefore, all the compressors 
of our large engines have been tested and calibrated 
with restricted or throttled air inlets. Turbine design 
has been proved, and improved, by running part-scale 
wheels (having light-alloy blades) on cold air, and the 
results have read across satisfactorily to the full-scale 
components. Cold-air testing permits the use of light- 
alloy blades, which can be easily and rapidly manufac- 
tured when a new blade form is required. 

The full-scale engines have then been instrumented, 
strain-gaged, and calibrated in fighter aircraft, and two- 
way radio communication between the pilot and tech- 
nical personnel on the ground has been used directly 
to report flight readings and to permit engine conditions 
to be altered and controlled as necessary. In this way, 
the altitude characteristics of the compressor, etc., 
have been confirmed. 

So far, we have been able to get by and have not yet 
felt the absolute need for an altitude test chamber for 
full-scale engine test. While there are already avail- 
able some limited component testing facilities at the 
National Gas Turbine Establishment, it is realized that 
additional and elaborate equipment must eventually 
be provided to meet the engine altitude requirements 
for military aircraft, which are steadily increasing. 
Though the flying test-bed is still a necessary part of 
the flight development of an engine, a certain (mini- 
mum) standard of engine altitude performance will, 
no doubt, be demanded before the future expensive 
prototype aircraft takes the air. The altitude chamber 
will also permit the investigation of any peculiar engine 
behavior that may have occurred in actual flight. 

There is a series of curves showing British progress in 
the last decade and what may be expected by 1960. 
The first of these (Fig. 5) shows the increase of thrust, 
plus reheat, expected in the future from the individual 
engine, and also the total thrust required for increased 
altitude, or load, for the subsonic bomber. Fig. 6 
includes two curves giving the improvement in specific 
fuel consumption related to flight at the tropopause at 
575 m.p.h. and, also, at static sea-level conditions In 
Figs. 7 and 8, the improvement in specific weight (Ib. 
weight per Ib. thrust) and the thrust per sq. ft. of frontal 
area, respectively, are shown, related to the same alti- 
tude-speed and to sea-level static conditions. 

These curves are self-explanatory, indicating a steady 
improvement in engine performance during the last 
10 years. 
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CONCLUSION 


Success in the aviation engine industry may be 
summed up as the ability to profit by long experience, to 
make fewer mistakes than the next man and, then, to 
cure the unforeseen or unavoidable errors quickly. 

A necessary contribution to the ultimate success of 
any engine is the establishment, by the engine manu- 
facturer, of an efficient technical or field service for 
both the aircraft constructor and the operator (military 
or civil). Experienced installation and test engineers 
are absolutely necessary for the technical progress of 
the engine and its flight reliability. They also greatly 
assist in keeping the customer satisfied if, in addition 
to being capable engineers, they have the right person- 
ality to handle awkward situations. It takes some 
years to build up such a staff and the men must be care- 
fully chosen and trained. 

Another point is that of technical collaboration be- 
tween the principal engine companies. Britain enjoys 
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a remarkable degree of free collaboration on a firm-to- 
firm basis, the particular firms concerned visiting each 
other at regular intervals to discuss their various tech 
nical problems. In addition to which there is the Gas 
Turbine Collaboration Committee (formed during the 
War and still going strong), which meets three or four 
times a year to discuss the individual and collective 
problems and the general technical progress of the avi- 
ation gas-turbine engine. Each firm may send two 
representatives and, of course, the proceedings and 
records (minutes) are secret. The committee is under 
the chairmanship of the Principal Director of Engine 
Research and Development of the Ministry of Supply, 
and there are various subcommittees to progress and 
report on such matters as high-temperature materials, 
compressor design and mechanical engineering, etc. 
The Gas Turbine Collaboration Committee 1s unique 
and serves as a forum to air the views and difficulties 
of those concerned with the development of the aviation 
gas turbine. It is also a ‘get-together’ for the high- 
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level technical personnel of the firms to ‘‘let their hait 
down.’ The main meeting usually occupies one or two 
days, depending upon the venue; each of the principal 
engine firms, including the National Gas Turbine 
Establishment, acts as host in turn. A tour of the 
host’s firm is always made after the technical meeting 

None of this collaboration has affected natural rivalry 
and competition. 

Government support, which is the mainstay of mod 
ern aviation, should be real support rather than rigid 
control; it should aim to be benevolent and encourag 
ing rather than overriding and interfering. In any 
case, I know of no department of government capable 
of taking on the functions of the legitimate aviation 
industry to design, develop, and build aircraft and en 
gines. The nearest approach to this was the position 
assumed by the Royal Aircraft Factory (now the Royal 
\ircraft Establishment) at Farnborough during World 
War I, which was responsible for the design of some 
interesting military aircraft and engines. But since 
no established industry then existed, this was a natural 
development. Later, as the result of the rapid growth 
of an aircraft industry due to the war, it was decided 
that the Factory should cease to do industry’s rightful 
job and become a research and test center to aid indus- 
try in meeting the government’s requirements. 

Apropos of my earlier remarks regarding the rapidity 
with which the (new) gas turbine can be put into regular 
flight service, relative to the (new) piston engine, in 
only nine months of scheduled air-line operation the 
Ghost engines of the Comet show a failure rate of 0.49 
per 1,000 hours’ flying, which is superior to that (0.60) 
of two well-tried air-cooled radial piston engines. It 
is also of interest that John Cunningham, Chief Test 
Pilot of de Havilland, completed 1,000 hours of test 
flying in the Comet on last January 22 without any 
serious mishap. 

I would draw to your attention an excellent publica- 
tion! dealing with the procurement and development 
of the aviation engine and also to a paper’ covering 
the same subject. The third paper* referred to deals 
with aircraft development and is a valuable exposition 
British (Ministry of Supply) methods of aircraft, 
engine and equipment procurement as a whole. 

Finally, always remember that the engine is the most 
important part of the aircraft; and its failure to perform 
well can, at the least, seriously jeopardize the chances 
of an aircraft’s success, regardless of the latter's qual- 
ity asa flying machine. Therefore, no effort should be 
spared to ensure a healthy and successful engine in- 
dustry. Also remember that failure to take the next 
step, to order a new engine, may mean 10 years in the 
wilderness—t.e., a 5-year wait to see what the other 
fellow does, plus 5 years (at least) for the new engine. 
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INTRODUCTION 


| ewe ADVANTAGES OF PROPELLER REVERSING are well 
known. First, reversing reduces stopping dis- 
tances on wet or icy runways where wheel brakes are 
only partially effective. Second, since all approved 
landing distances are based on stopping with brakes 
alone, it provides an extra safety factor in cases of 
brake failure, unexpected shifts in wind direction, or 
landings too far down a runway. 

Reversible-pitch propellers came into widespread air- 
line use in 1947 in Douglas DC-6 airplanes. Since then, 
they have been used on every new transport airplane 
that has been built. 


ACCIDENTS PREVENTED BY REVERSING 


There is no way to determine exactly how many ac- 
cidents have been prevented by the use of reverse 
thrust. Rarely does an air line or a pilot make a special 
point of reporting a near miss of this sort. To assess 
the benefits of reverse thrust we must, therefore, resort 
to the indirect method of studying accidents involving 
airplanes that do not have reversible propellers. Sucha 
study has been made covering a period from 1947 
through August, 1952. During this span there were 
39 accidents that might have been prevented or, at the 
very least, made less severe had propeller reversing been 
available. These accidents resulted in 93 fatalities and 
26 major injuries. Of course, the list of 39 accidents 
includes airplanes with conventional landing gear. On 
these, there may be some question as to the practi- 
cability of using reversing propellers. However, in the 
remaining cases, including all four fatal accidents on 
this list, the airplanes involved were of the tricycle-zear 
type. On these, reversing could undoubtedly have 
been used without any serious problem of handling 
qualities. So much for the value of reversible propel- 
lers. 


ACCIDENTS CAUSED BY REVERSING 


On the other side of the ledger, we are faced with the 
fact that these propellers have not been an unmixed 
blessing. There have been two fatal accidents at- 
tributed to inadvertent flight reversing. The first of 
these involved a twin-engined transport engaged in a 
training flight. The second involved a four-engined 


transport in scheduled passengeroperation. Inaddition, 
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there have been other cases of unwanted reversal which 
have caused or narrowly missed being serious incidents. 


CAUSES OF UNWANTED REVERSAL 


These cases have led to a searching analysis of the 
possible ways in which unwanted reversal has occurred 
or can occur. The two most important categories of 
faults which can cause such troubles are: (1) electrical 
faults in the propeller control system and (2) inadver- 
tent movement of the throttle into reverse in flight. 


In all reversing systems, the control of reverse pitch 
is achieved by throttle motion. When the throttle is 
moved aft beyond the normal idle position, it actuates 
electrical switches that send a reversing signal to the 
propeller, thus causing the blades to move to negative 
pitch. Further rearward movement of the throttles 
increases engine throttle opening, applying more power 
to the reversed blades and increasing reverse thrust. 
When the throttles are again moved forward, power is 
first reduced, although the propeller remains in reverse. 
When the throttle returns to the forward idle position, 
the reversing signal is terminated and the blades return 
to normal pitch. 


ELECTRICAL FAULTS 


Application of electrical energy to any part of the 
reversing circuit between the throttle switch and the 
propeller would have the same result as deliberate move- 
ment of the throttle into reverse. In other words, if 
the reversing device receives an electrical signal, it is 
unable to discriminate as to the source of the signal. 
Therefore it proceeds dutifully to do its job of reversing 
the propeller whether the signal is a true reversing 
signal initiated by the pilot or whether it is a stray 
signal resulting from some electrical fault in the air- 
plane. 


ELECTRICAL TERMINALS 


Stray signals of this sort are by no means common 
not nearly so frequent, for example, as grounds or open 
circuits. Nevertheless, there is an ever present possi- 
bility of inadvertent electric power application. The 
most vulnerable parts of the system are terminal points 
and connectors. At terminal strips or relays there 
may be many wiring connections in close proximity to 
each other. <A terminal carrying a reversing wire may 
be adjacent to terminals that carry current to serve 
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various other electrical devices. At many such ter- 
minal points, bare metal parts of the reversing circuit 
are exposed to possible contact in case of loose connec- 
tions. The most obvious remedy is the elimination of 
as many such terminals as possible. Where terminals 
must be used, the provision of entirely separate ter- 
minal points for the reversing circuit is desirable. An- 
other, although less desirable, alternative is covering 
the reversing circuit terminals with some suitable in- 
sulation and securing all wires to prevent movement 
in case of breakage or loosening. 


ELECTRICAL CONNECTORS 


Another point of electrical vulnerability is the com- 
monly used multiple connector plug. Here, particu- 
larly where the wires are soldered to the connector pins 
at the back of the plug, there is a possibility that a 
faulty connection might result in undesired reversing 
signals. Elimination of connectors or the use of sep- 
the desirable practice. 
Again, a less attractive alternative is to surround the 
critical pin in the connector with pins that are either 
inactive or connected to ground. 


arate connectors is most 


WIRING ISOLATION 


Wiring runs themselves are subject to occasional 
faults, although the likelihood is not so great as at con- 
nections. Nevertheless, deterioration of insulation can 
occur due to heat, improper handling, or exposure to 
the elements. Chafing of insulation at supports or 
against structure is also a possibility. Good design 
practice to prevent such faults calls for routing the 
vulnerable wires away from all other energized circuits 
or running them through completely separate conduit. 
Instead of conduit it has been found more convenient 
in many cases to use wire with an external shielding 
which can be grounded to the structure of the airplane. 


THROTTLE ARRANGEMENT 


So much for electrical faults and precautions against 
them. Let us now consider the second type of problem 
encountered in service with reversing propellers—ac- 
cidental movement of the throttle levers back into the 
reverse position. As previously explained, movement 
of the throttle into reverse initiates a sequence of events 
which sends the propeller blades to negative pitch and 
Whether the throttle is 
moved to reverse deliberately or accidentally is, again 
unknown to the propeller and its electrical circuit. In- 
tentional or not, the result is reversinz. 


applies power to the engine. 


THROTTLE Lock ACTUATED BY LANDING-GEAR SWITCH 


To prevent movement of the throttles into reverse, 
the pilot must be provided with some type of throttle 
stop or lock which limits throttle movement in flight to 
the positive sector of the quadrant. Every airplane 
equipped with reversible propellers has a lock of this 
type. This lock is closed during flight and retracts 
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when drawn to the open position as a result of closure of 
a switch on the landing gear. This switch is so ar- 
ranged that it opens the lock when the airplane is on the 
ground and the landing gear has been deflected by the 
weight of the aircraft compressing the oleo strut. With 
the lock in place and properly adjusted, the pilot cannot 
pull the throttles into reverse. 


THROTTLE LOCK OVERRIDE AND WARNING 


In case of failure of the lock to open as intended on 
the ground, it would be impossible to use reversing 
even in an emergency unless some provision were made 
to permit the crew to open the lock. This has been 
done in most cases by providing a linkage that will per- 
mit manual operation in an emergency. The manual 
override serves another vital purpose in all cases. It is 
mechanically linked to the lock. If the lock is open 
the override lever moves to the “‘lock-open”’ position. 
thereby alerting the crew and cautioning the pilot that 
he must be particularly careful when the throttles are 
retarded to avoid moving them too far and inadver- 
tently getting into reverse. 


DISTINCTIVE THROTTLE MOTION 


Examining a system such as the one described, you 
can see that the provision of a lock and warning device 
still leaves something to be desired. As an obvious 
minimum, if the lock should for any reason open in 
flight, it is still vital to have some positioning device so 
that the pilot will know the safe limit of rearward 
throttle movement. Furthermore, if the warning de- 
vice should go unnoticed, as can well be the case at 
night during landing under adverse traffic and weather 
conditions, the pilot may move the throttle back past the 
idle position unless the positioning device limits his 
Three devices have been used in 
various transports to accomplish this. 


natural movement. 


DETENT-TYPE THROTTLE 


The first of these devices has a spring-loaded detent 
to provide an indication of the location of the forward 
idle position. The spring-loaded ball requires a greater 
force to be exerted to move past this point. 
there is no change in the direction of throttle movement. 
The chief advantage of this design is the ease with 
which reversing can be achieved or stopped as required 
in any type of emergency. The disadvantage is the 
fact that the detent is ineffective if the throttle is 
moved rapidly. As an example of the type of incident 
that can occur, one airplane with this type of throttle 
was involved in a reversal in the air following a bounce 
on landing. Because of a combination of circumstances 
the airplane approached the ground at a rather high 
rate of descent and with power partially on. 


However, 


Because 
of the rapid descent, it bounced back into the air after 
ground contact. Attempting to get it back on the 
ground, one of the pilots closed the throttles just as the 
reverse lock opened due to the momentary ground im- 
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pact that actuated the landing-gear switch. Reversal 
occurred while the airplane was air borne after the 
bounce. 


Lirt TO REVERSE THROTTLE 


There is another throttle design that is less vulner 
able to the faults of the detent. In this arrangement 
the throttles are made in two sections—one sliding 
along the axis of the other. The movable section is 
held down by spring pressure unless a lifting force is ap 
plied. This movable part carries a pin or lug that, in 
the forward idle position, bumps against a_ positive 
stop. To move the throttle further aft, it must be 
lifted to pass over the stop. A desirable feature of such 
a design is a track or cain that prevents lifting the throt 
tle at any point ahead of the forward idle position. 


AUXILIARY REVERSING LEVERS 


There is still another throttle arrangement used to 
actuate reversing systems. In this design the primary 
throttle levers do not actuate reversing. They can 
move only as far as the positive idle position and cannot 
go any further. To reverse the propellers, the pilot 
must grasp a set of auxiliary levers that pivot about a 
point on the primary levers and which protrude for- 
ward. The upward and rearward movement of these 
levers actuates a linkage that operates the reversing 
switches. The system is so arranged that the auxiliary 
levers can only be raised when the throttles are in the 
idle position. Similarly, the main throttles can be 
advanced only after the reversing levers have been re 
turned to the normal or forward-pitch position. 

With this arrangement there is no way that the 
primary throttles can be mismanaged and thus result in 
reversing. Furthermore, the movement required to 
shift the grip to the reversing levers is so distinctive 
that no pilot is likely to do so without full realization of 
what he is doing. 


ADDITIONAL REVERSING SAFETY DEVICE 


I have explained up to this point the types of prob- 
lems that have been experienced with reversing elec 
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trical systems and throttle arrangements and what 
measures can and are being taken to guard against 
them. 


Another measure that has received considerabk 
attention is the addition of what might be called 
duplicate reversing control that would be in series with 
the present control. Such a control would require a 
separate means of actuation from the cockpit. It 
would prevent reversing in case of accidental actuation 
of the normal reversing control, since its series arrange 
ment with the present system would interrupt the re 
versing signal from the present reversing device befor« 
it could reach the propeller. 


The addition of such a control, of course, provides 
added security against inadvertent reversing. How 
ever, it has the disadvantage of additional complication 
of the system. It adds to the possibility of failure to 
reverse, since it doubles the number of control compo 
nents which can fail. Nevertheless, unwanted reversing 
in flight can be so serious a matter that the need for 
security against its happening warrants serious consid 
eration of such a device. 


REVERSE-PITCH INDICATION 


Another safety device associated with reversing pro 
pellers is the reverse-pitch indicator. Indicators can 
be used with modern propeller designs to provide the 
crew with a signal when reversing occurs. The chief 
value of such an indicator lies in day-to-day use during 
normal applications of reverse thrust on the ground 
In case a propeller fails to reverse or is slow in reversing 
when the throttles are moved rearward, the airplane is 
subjected to asymmetrical thrust. On slippery or wet 
runways this can result in loss of directional control. 
With reverse-pitch indication available, the pilot will 
have warning in case this occurs and can at least mini 
mize the control problem by avoiding the use of power 
or delaying power application. As an added attraction, 
reverse-pitch indicators would also provide warning in 
case of reversal in flight and would help the crew, to 
make a rapid and accurate analysis of the difficulty and 
of the remedial action they should take. 
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A Simple Thrust Indicator 


for Propeller-Driven Airplanes 


A. W. VOGELEY* and M. N. GOUGH? 
Langley Aeronautical Laboratory, NACA 


ABSTRACT 

When a propeller reverses inadvertently, the indications avail- 
able to the pilot are in many instances insufficient to permit a 
rapid and correct diagnosis of the difficulty. The large and asym- 
metrical loss in thrust may lead to loss of control unless prompt 
and correct action is taken. 

A simple thrust indicator, based on a measurement of the 
rise in total pressure through the propeller disc, is proposed. 
Since this instrument senses directly the all-important quantity 
of thrust, it provides a positive indication of propeller reversal. 
The sensitivity of the indicator in all flight régimes suggests its 
use in other applications such as a monitor of engine opera- 
tion. 

The principle of operation, operating characteristics, and in- 
stallation considerations are discussed. 


INTRODUCTION 


bem INADVERTENT REVERSAL of a propeller on a 
multiengined airplane during a critical flight con- 
dition such as take-off or landing presents a serious 
flight situation. The danger lies in the large and asym- 
metrical change in thrust, resulting in possible loss of 
control. 


Under the proper conditions a propeller is capable of 
producing more negative thrust than it is normally able 
to produce in the positive direction. When one pro- 
peller on a four-engined airplane reverses, for example, 
the available thrust may be reduced by more than 50 
per cent, as illustrated in Fig. 1. This enormous loss in 
thrust and the large change in trim are the basic causes 
of trouble. In a twin-engined airplane the situation is 
obviously much worse. 


Propeller reversal is such a serious type of failure 
that efforts now under way to make safeguards against 
inadvertent reversal more foolproof should not be re- 
laxed. Of course, loss of thrust may also be caused by 
other failures, such as of the engine itself or the propeller 
governor. 


Whenever a serious loss in thrust does occur, prompt 
action by the pilot to counteract the malfunctioning is 


necessary. It is not always possible to diagnose the 
trouble quickly with present instrumentation—at 


It seems also 
possible, as a study of a recent serious accident suggests, 


least in sufficient time to recover safely. 


to misinterpret the danger signals now available and to 
compound the difficulties by taking incorrect action. 
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An instrument capable of detecting any loss in thrust, 
whatever the cause, seems desirable. 

A thrust indicator is proposed which, from prelimi- 
nary trials, appears to be simple, sensitive, direct, and 
reliable. This instrument is a_ simplification of a 
method of thrust measurement which has been used 
successfully by the National Advisory Committee for 
Aeronautics during more than 10 years of propeller 
flight research. 

TuRuUST INDICATOR 


DESCRIPTION OF 


General Arrangements.—Two total pressure heads 
are mounted in the propeller slipstream. They are 
located behind the 0.7 radial station and are diametri- 
cally opposed above and below the propeller axis. 
The pressure lines from these two heads are tied to- 
gether to obtain an average pressure, which is then ap- 
plied to the total, or pitot, side of an air-speed indicator. 
The static side of the air-speed indicator is connected 
into the pitot pressure line from the airplane air-speed 
head. The indicator dial is recalibrated to indicate 
suitable units of pressure, both positive and negative. 
This comprises the entire thrust-indicating system. A 
schematic layout of the system as installed in a C-45 
airplane is shown in Fig. 2. 

Principle of Operation.—Reduced to its simplest 
form, a propeller becomes an actuator disc operating 
in an incompressible fluid. According to this concept, 
Rankine and Froude and 
thoroughly described in reference 1, the propeller be- 
comes a mechanism capable of maintaining a uniform 
pressure difference between front and back of the plane 
of rotation. 


originally developed by 
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Fic. 1. Approximate variation of available thrust with régime 


of propeller operation—four-engined airplane. 
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Fic. 2. Schematic arrangement of thrust indicators as installed 
in C-45 airplane. 
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Fic. 3. Variation of total and static pressure through an 
actuator disc. 


APPROACH REVERSED 


Fic. 4. Typical thrust indicator readings—C-45 airplane. 
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The variations in pressure through the disc are as 
shown in Fig. 3. Total pressure ahead of the disc is 
constant at the free-stream value, jumps to a higher 
value (for positive thrust) across the disc, and remains 
constant again downstream. Static pressure de 
creases from the free-stream value as the disc is ap 
proached, also changes across the disc to a value higher 
than free stream, and then decreases gradually to the 
free-stream value far downstream. The jump in static 
pressure is equal to the jump in total pressure. The 
pressure difference across the disc, acting over the disc 
area, produces the thrust force. 


It is immaterial whether thrust is sensed by the 
change in static pressure or by the change in total pres 
sure. Total pressure is selected, however, because it is 
much easier to measure than static pressure and be 
cause the fore-and-aft location of the measuring point 
as shown in Fig. 3) is relatively unimportant. 

Typical indicator readings for several flight condi 
tions are shown in Fig. 4. 


Except for the propeller-reversed condition, these 
readings were obtained during exploratory tests of an 
installation on a C-45 airplane. The propeller-re- 
versed reading is an estimate of what might occur during 


take-oiT. 


Possible A pplications.—For most uses, only a quali 
tative measure of thrust is required, and this is pro 
vided by the proposed indicator without elaborate cali 
bration. It is only necessary to establish normal read 
ings under normal operating conditions. In multi 
engined airplanes, if all engines are equipped with iden 
tical installations, normal operation (of each engine) 
would be continuously indicated by similar dial 
readings. 


Because of the limitations inherent in a single- or 
two-point survey system, elaborate calibrations would 
be necessary only if use of the indicator for quantitative 
measurements of thrust is required. Many factors 
such as design details of propeller, propeller-engine 
air-frame interference, and operating parameters aflect 
the calibration. Usefulness of the device as a trouble 
indicator, however, is not impaired. 


The instrument will indicate with certainty whenever 
thrust is varied due to propeller reversal, governor, ot 
engine failure. During ground maneuvering, the in- 
dicator may be used to determine whether a propeller 
is in positive or negative pitch before airplane move 
ment occurs. 


rhe sensitivity of the instrument suggests its useful 
ness as a detector of even minor engine malfunctioning. 
In the C-45 installation, for example, an air-speed indi 
cator with a range of 140 m.p.h., or 10 in. of water, was 
required to register full static thrust. In the cruise 
condition the meter reads about 2 in. of water. Since 
the meter is accurate to about '/. per cent of full-scale 
pressure, any change in thrust during cruise operation 
greater than about 2 per cent could be noted. 
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CONSIDERATION AFFECTING SATISFACTORY 
INSTALLATION 


While the proposed thrust indicator is extremely 
simple, being nothing more elaborate than an ordinary 
air-speed system, a satisfactory installation requires 
that consideration be given to several factors that arise 
as a result of the differences between the idealized con- 
ditions of an actuator disc and an actual configuration. 


Nonuniform Radial Distribution of Thrust.—Unlike 
the actuator disc, the total pressure difference across 
the propeller disc varies with radius roughly as shown 
in Fig. 5. The shape of this pressure distribution 
curve is basically the same for all conventional pro- 
pellers. Neglecting, for the moment, the effects of 
pitch and yaw, variations from this basic shape are 
caused by factors such as hub and spinner design, 
flight speed, and Mach Number. It is these factors 
that require the use of multiple-point surveys and ex- 
tensive flight tests if accurate quantitative measure- 
ments are desired. For the intended use of the pro- 
posed indicator, however, it is only necessary to find a 
radial station at which the variation of total pressure 
with thrust is nearly linear. An analysis of a large 
number of complete survey measurements indicates 
that the 0.7 radius station is most suitable. In addi- 
tion to varying nearly linearly with thrust, the pressure 
behind this station is also generally greater than else- 
where, thus providing highest sensitivity. Other sta- 
tions (from about 0.4 to 0.9 radius) could, however, be 
used almost as effectively. 


Flow Periodicity.—Behind conventional propellers, 
with relatively few blades, a periodic oscillation in both 
pressure and flow direction exists, with a frequency 
equal to the frequency of blade passage. These oscilla- 
tions are greatest close behind the disc and decrease in 
amplitude with distance downstream. Because of 
these fluctuations, it has been found desirable to place 
the survey heads at least one-quarter propeller di- 
ameter behind the disc. The oscillations remaining 
niay then be easily damped with small-bore tubing so 
that steady readings are obtained at the indicator. 


Effect of Pitch and Yaw.—As long as the propeller axis 
is aligned exactly with the air stream, the average pres- 
sure behind any radial station remains constant re- 
gardless of circumferential location. Whenever the 
axis is inclined to the air stream, each blade section ex- 
periences an effective increase in angle of attack through 
half of one revolution and a decrease through the other 
half. As a result, a variation in thrust with circum- 
ferential position is produced which oscillates nearly 
sinusoidally about an average value. A detailed dis- 
cussion of this phenomenon is given in reference 2. 


Survey tubes mounted along a horizontal axis are 
most seriously affected by pitch and little affected by 
yaw. Conversely, tubes mounted on a vertical axis 
are most affected by yaw. Because of these effects, a 
single-tube survey is not satisfactory for a thrust indi- 
cator. The undesirable effects of pitch and yaw are 


—- 


Fic. 5. Variation with radius of total pressure rise behind 
propeller disc. 


satisfactorily overcome by using two interconnected, 
diametrically opposed heads to provide a very nearly 
correct average pressure for the indicator. Since large 
angles of yaw are rarely encountered in normal opera- 
tions, the effects of inclination are further reduced by 
mounting the two heads on a vertical axis. 


Finally, a word of caution concerning the airplane 
air-speed head, which is used to provide the free-stream 
total pressure reference. In many installations the 
air-speed total pressure head is subject to significant 
errors due to either yaw or pitch. If this is the case, the 
thrust indicators niay give erroneous readings when 
large angles of yaw are encountered. Relocation of 
the air-speed head or use of a separate shielded total 
pressure tube for the thrust indicators might be de- 
sirable. 


Indicator Range.—Standard air-speed indicators may 
be used as thrust indicators by virtue of the fact that 
operation in the negative direction, although usually 
restricted, is possible. Since a full negative thrust 
range is normally not required, this restriction is not 
serious. 


Maximum positive thrust occurs under static condi- 
tions. To sense this thrust requires a positive pressure 
range from about § to 13 in. of water (or from about 140 
to 160 m.p.h. indicated air speed), depending upon the 
power-disc loading of the engine-propeller combination. 


At constant power, propeller thrust varies inversely 
with speed. Indicator readings on airplanes cruising at 
high speed under reduced power may therefore be low 
with respect to the full-power static thrust reading. 
Accuracy of the indicator as a monitor of engine opera- 
tion may thereby be decreased. To some extent the 
high Mach Number associated with high cruising speed 
is helpful, since it, in effect, tends to increase instru- 
ment sensitivity (25 per cent at a Mach Number of 0.7, 
as determined from reference 3). However, for such 
applications, it may be desirable to transfer to lower 
range indicators for cruising. 
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Type of Head.—Any standard type of total or pitot 


head which is properly drained and deiced should be 
satisfactory. 


CONCLUDING REMARKS 


Because of the apparent simplicity and reliability of 
the proposed thrust indicator, it should find application 
wherever a sensitive measure of thrust or thrust change 
is required. Since it senses the all-important quantity 
of thrust directly, it might also be arranged to initiate 
propeller feathering and engine shutdown whenever 
thrust changes from positive to negative. The inter- 
pretation and reaction times thus eliminated could, 
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under critical conditions, easily be the difference between 


safe recovery and disaster. 
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On Programs for 


Tests Involving Several Variables” 


O. REDLICH7 and F. R. WATSON} 


Shell Development Company and Shell Oil Company, Respectively 


(1) INTRODUCTION 


ee TECHNOLOGICAL PROGRESS DEPENDS at ani in- 
creasing rate on more and better experimental data, 
greater effort is spent on measurements and on the de- 
velopment of more elaborate (and more expensive) in- 
struments and methods. the observed 
quantity depends on several factors or independent vari- 
ables. 


Frequently 


With the increasing number of such factors, the 
amount of work required for an investigation of their 
combined influence increases rapidly. Under such con- 
ditions careful programing of the required tests is worth 
while, especially if the tests are time consuming or ex- 
pensive. 

The question of programing is best discussed in an ex- 
example. If the influence of two additives, say nickel 
and chromium, on the fatigue life of a steel under prac- 
tical conditions is to be investigated, several factors 
must be considered. Most important are, of course, 
the amounts of the two additives present in the steel. 
The load conditions——namely, the average load and the 
difference between the maximum and minimum load, 
should be varied within the practically important range. 
Other factors may be of interest-—-e.g., the temperature. 

According to the traditional method, the influence of 
these five variables on the fatigue life is examined ac- 
cording to the following scheme. A standard level is 
established for each of the five variables. In a first set 
of tests, only the amount of the first additive is varied, 
while all other variables are kept on the standard level. 
In a second set, only the second variable changes, etc. 
In general, we need other sets of tests to obtain informa- 
tion as to whether the influences of two variables are 
simply superimposed on each other. 

In the present example, for instance, the increase of 
fatigue life due to two additives may be quite different 
from the sum of the increases produced singly by each 
of them. Such a deviation from simple superposition 
of influences is frequently called “‘interaetion” of vari- 
ables. In general, the existence and magnitude of in- 
teractions is to be examined. Even the study of higher 
interactions, the combined effect of three or more vari- 
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ables, may sometimes be desirable, but any such pro- 
graming obviously reaches a practical limit quickly. 

Flexibility is the advantage of the traditional method 
of programing. More tests can be made on the study of 
the more important factors, and the program can be 
modified in this manner any time during the test series 
in accord with the results already obtained. For in- 
stance, if the interesting temperature range is small, say 
from 32-120°F., the influence of temperature may turn 
out to be of minor importance. Consequently, few 
tests will be scheduled for determining the influence of 
temperature. 

Such programing, however, leads to a certain bias. 
In our example, most of the tests will be carried out at 
the chosen standard temperature, say 70°F. The total 
result of the series, therefore, will not be perfectly rep- 
resentative of the whole temperature range from 32- 
120°F. By treating temperature as a minor variable, 
uniormity in covering the whole field has been lost. 

The loss is particularly serious if a variable cannot be 
fully controlled. In the present example, suppose that 
samples have been obtained from three different sources. 
We are not particularly interested in the presumably 
small differences that may exist between the samples 
from various sources, but we have to make sure that 
such differences do not falsify the results obtained for 
the influence of the five variables. In the traditional 
method, there is no other way but to treat the source as 
a sixth variable and to schedule a series of tests for com- 
parison of the sources. These tests are lost for the 
principal object regardless of whether any such differ- 
ences exist. 

Agricultural research is practically always confronted 
with variables that cannot be controlled—e.g., with the 
variable soil conditions in a set of test plots. 

A different programing method,** therefore, the so- 
called ‘‘statistical’’ method of orthogonal squares, has 
been long in use for agricultural tests. Its application 
to the previous problem is illustrated in Table 1. Let 
us denote by A, B, and C three different contents of 
nickel in the steel, three contents of chromium, and 
three temperatures within the desired range. The 
three sources, too, are denoted by A, B, and C. Each 
variable has a definite place, indicated by the code, in 
each small square. The schedule of Table 1 means that 
the fatigue life is to be determined for nine samples at 
the conditions specified by the small squares. 

** Fisher, R. A., The Design of Experiments; Oliver and Boyd, 
London, 1949. 
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Ni Cr 
Code: 
Temp. Source 

A B Bic 
B 
B Cc ATA  B 
A 


The schedule follows a principle directly opposite to 
that of the traditional method. If we compare any two 
of the tests, we find that only one of the variables has 
the same value in both, all others are changed. In the 
traditional method, tests are scheduled as far as possible 
so that only one variable is changed, all others remaining 
fixed. 

The advantage of the statistical method is the uni- 
form covering of the whole range. In the three tests of 
the first colu:nn, the nickel content is A. At the same 
time, each of the other variables assumes all three values 
A, B, and C. The same holds for the second colu:nn 
where the nickel content is B and for the third with the 
nickel content C. The influence of the nickel content is, 
therefore, fairly well represented by the average results 
of the first, second, and third column, not for fixed 
standard levels of the other variables but for an average 
of conditions throughout the whole range. 

In particular, if there are differences between the 
sources of the samples, they average out because all 
three sources are used for the tests with nickel content 
A,ete. The influence of the source can also be found 
namely, by averaging tests 1,5,and9forsource A; 2, 6 
and 7 for B; and 3, 4,and8for C. If there is no notice 
able difference between the sources, the tests give bet 
ter information regarding the influence of the other vari- 
ables. No test is lost for the final result. 

The principal property of an orthogonal square can be 
described as follows: While any variable is kept at a 
fixed level, any other variable assumes once each of the 
g levels assigned to it. The size of the square is g, the 
number of tests g*(g = 3 in Table 1). 

The number of independent variables which can be 
arranged in an orthogonal square depends on its size g. 
If gis a prime number, g + 1 independent variables can 
be used. No simple rule exists for values of g which are 
not prime numbers. In the present example, a 5 by 5 
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square can be used if, together with the four variables oi 
Table 1, the influence of the load conditions is also to be 
studied. 

The statistical method prescribes a rigid test program. 
rhis is a disadvantage in exploratory work but not in 
routine measurements, especially if the tests are carried 
out by a semiskilled observer. 

Although the statistical method appears to present 
considerable advantages for a variety of technical prob 
lems, it has been rarely used outside the field of agricul 
tural and biological research. The reasons for this lim 
itation will be discussed in the following section. 


(2) INTERACTION 


A set of measurements of a quantity y, determined at 
various levels of the independent variables 2, 22. . ., 
can be represented for subsequent applications in vari 
ous ways. If we have no advance information, we shall, 
in general, approximate the results by means of a power 
series 


Y=f+t+ fit + + fos +..... 
+ + +. .... 

+ +..... (2:3) 


Using the symbols S;, S,; .. . for summation over the 
subscripts, we can write more shortly 


Y =f t+ Sif) + Sil + Sul +... 

(1 AZ) (2.2 
lhe experimental data are represented for practical use 
as soon as the coefficients f, fi, fii, fi; ... are calculated. 

The coefficients f;; (and coefficients of higher order 
such as f;;; and f;,) with unequal subscripts are the in- 
teraction coefficients. If all of them are negligible, the 
function y is the sum of a constant f, a function 


fiti + fur? +... (2.3 


of 2; and of similar functions of 2» alone, 23 alone, and so 
on. In this case the influences of the various factors 
21, 32... are simply superimposed on each other. Prac- 
tically, this special case is important because a linear 
function usually presents a first approximation, and a 
linear function, of course, contains no interaction terms. 
As soon as a better approximation is desired, however, 
interaction terms may appear. This occurs frequently 
in technical problems. 

If all interaction coefficients are negligible, the statis- 
tical method leads to the partial functions of the type in 
Eq. (2.3) by an averaging procedure briefly mentioned 
in the preceding section. Then the calculation of the 
coefficients is easy. No practical procedure is known if 
interaction terms are present. 

The method, therefore, is always good for a linear ap- 
proximation. But if linear dependence may be pre- 
supposed, the number of tests prescribed by an orthogo 
nal square is appreciably greater than the number of 
coefficients to be determined. This is desirable if the 
average error of a single measurement is so high that one 
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needs repeated tests in order to obtain a satisfactory 
accuracy of the final result. As a rule, this situation 
prevails in agricultural and biological research. Some- 
times it occurs in technical problems, for instance, in the 
determination of failure properties such as tensile 
strength. But in many technical problems the margin 
between the number of tests and the number of coef- 
ficients to be determined need not be large. 

On the other hand, a better than linear approximation 
is frequently desirable in technical research. Already 
for a quadratic approximation the margin between tests 
and coefficients reaches, in general, the desirable -mini- 
mum. Higher than linear approximations are there- 
fore a proper field of technical applications of the statis- 
tical method. But here the use has been restricted by 
the necessary presupposition that interaction terms are 
negligible. Actually, this assumption can seldom be 
justified in advance. 

The extensive use of the statistical method in tech- 
nical research depends, therefore, on a convenient pro- 
cedure for calculating the coefficients of the power se- 
ries in Eq. (2.2) from experimental data if the interac- 
tion coefficients are not negligible. 


(3) SYMMETRIC SQUARES 


Orthogonal squares can be designed in numerous dif- 
ferent arrangements. In order to find a practical calcu- 
lation procedure for the case of interacting variables, 
one may ask: Is there a particular type of orthogonal 
squares for which the calculation of the coefficients in 
Eq. (2.2) is especially simple? Such a particular type 
exists. Arrangements of this type will be briefly called 
“symmetric squares.” 

Any orthogonal square of size g schedules tests in- 
volving g selected levels of any independent variable 
(cf. Table 1). It is always very convenient to choose 
equidistant levels so that the difference between two ad- 
jacent levels of a variable 7 has the fixed value d,;. For 
the present method, the selection of equidistant levels is 
indispensable. 

Only squares of odd size will be discussed. Even 
squares are less important practically. If necessary, 
the corresponding relations for even squares can be de- 
rived without difficulty. 


The size g of an odd square can be expressed by 
g=2h+1 (3.1) 


where h is a positive integer. The g selected values of a 
variable 2; can then be numbered by means of the inte- 
gers pfrom —htoh. Inthe example shown in Table 2, 
a quantity should be measured at temperatures between 
—5° and 55°C. It is decided to carry out the measure- 
ments at five temperatures so that g = 5 andh = 2. 
The distance between two adjacent selected values is 


d, = [55 — (—5)]/4 = 15° (3.2) 
The average temperature is 


w, = [55 + (—5)]/2 = 25° (3.3) 
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able a 
Five values between -5 and 55°C 
Wy = 25°: dy = 15° 
Zs 10 25 40 
p=x, | -2 |-1 | o | 2 2 
ble RIC Si 
xp =a 
Code: 
=d 
b+ 
“2 -2 -2 -2 1 -2 2 -2 
e| 2 2 1 -2 2 -1 0 
2 o | 2 0 -2 1 
-2 “1 -1 0 <i 1 2 
2 “1 -2 0 -1 1 0 2 1 -2 
1 2 1 -2 2 -1 -2 0 
“2 0 0 1 0 2 
-2 -2 = <1 0 0 1 1 2 2 
-2 -2 +1 wi 0 0 1 1 2 2 
-2 1 “1 1 0 i! 1 1 2 Fs 
2 0 -2 1 <i 2 0 -2 
0 1 1 2 2 -2 -2 at “1 0 
-2 2 +1 2 0 2 1 2 2 o| 
0 1 1 2 2 -2 
2 -2 1 0 2 1 -2 


The selected values of 2; and the corresponding values of 
p are given in Table 2. 

The permitted integers p, together with the fixed dis- 
tance d; and the average value w;, are sufficient to char- 
acterize the levels of z;. The values of p can, therefore, 
be used as a variable x; replacing z;. The transforma- 
tion is given by 


2 = diXi; = w,)/d, (3.4) 


where x; assumes only the values p—namely, 
x = —h, 


The variables x; will be called reduced. 

“Symmetric’”’ squares are designed by means of these 
reduced variables. The symmetric square for g = 5 is 
shown in Table 3. As indicated there, one coordinate, 
X, = a, is the number of the row; another one, x» = 3, 
is the number of the column. 

Inspection of Table 3 shows that any variable as- 
sumes once each of the five prescribed values while any 
other variable is kept constant. The square is there- 
fore orthogonal. In addition, it has the following par- 
ticular property: In the central field all variables are 
zero. Any other field can be matched with a field in 


) 

I 

f 


AERGOKAUTICAL ENGINEERING REVIEW—SUNE, 1953 
Table 4. COORDINATES IN A 5 x 5 SQUARE 
No xr | X% | x | Xa | xq | | | x4?-2 |] | | | | | 
1 | 1 2 0 | 2 -2 -1 2 -2 
2 -2 -1 2 | -2 1 -2 2 -1 0 2 -2 
3 =2 0 | -2 2 2 -1 -1 2 -2 2 2 -2 
-2 | -1 2 | -2 = 2 =2 2 -2 0 2 -4 fe) 
5 =2 2 0 | -2 =2 2 | 0 0 -2 2 -1 
6 -1 | -2 2 1 =2 2 =2 -1 2 -2 0 
7 -1 | -1 -2 2 1 2 2 =) =2 oh =2 2 re) 
8 -1 oO }|-1 | -2 2 1 -1 2 2 “1 2 -2 -1 -4 -2 2 
9 -1 Oo |-1 | -2 2 =2 2 2 0 0 re) 2 -2 
10 <1 2 1 Oo -1 | -2 -1 =2 -] 2 0 -1 -2 2 
11 | -2 | -2 | -2 | -2 | -2 2 2 2 
12 O -1 [| -1 |-1 -1 | -1 -1 -1 -1 -1 1 1 1 1 1 1 
14 re) 1 2 1 1 1 =} = -] = | 1 1 1 1 2. 1 
15 ) 2 2 2 2 2 2 2 2 2 4 4 \ 4 4 4 
16 1 | -2 | -1 0 1 2 -1 -2 -1 2 0 -1 -2 0 2 
17 | 1 2|-2 -2 -] 2 2 0 0 2 
18 1 2 1-2 | -1 -1 2 2 2 -2 -1 -4 -2 2 
19 1 1 420 2 2 -1 -2 -4 -2 0 2 
20 1 (0) 1 2 -1 <2 -1 2 -2 0 
21 1-2 fe) -2 2 -1 -1 0 0 0 2 -1 
22 1 2 -1 2 -2 2 -2 0 2 
23 2 0 1 -2 2 -1 2 -2 2 -4 2 =2 
pan 2 1 |-2 2 2 -2 2 -] 0 -4 2 fe) 
25 2 2 j -1 1 | -2 -1 -1 2 -2 2 0 fe) 


which the variables have the same values but with op- 
posite sign. In Table 3, these pairs are arranged sym- 
metrically with respect to the center. 

The practical value of these symmetric squares rests 
If we select an odd num- 
ber of variables, say x), x2, and x3, multiply them, and 
add the 25 products for the whole square, the result is 


on the following conclusion. 


zero, or 


= 0 


(3.5) 


where S prescribes summation over the whole square. 
The reason is obvious. Any of the pairs mentioned be- 
fore contributes zero to the sum in Eq. (3.5) because the 
two products are equal but have opposite sign. Also 
the contribution of the central square is zero. 

Relations such as the one shown in Eq. (3.5) hold for 
Since the calcu- 
lation of the coefficients by the method of least squares 


any product of variables of odd order. 


is based on similar sums of products, dropping out the 
terms of odd order greatly simplifies the problem. Some 
other symmetry properties of these squares are also 
helpful. 

It can be demonstrated that g + 1 variables can be 
arranged in a symmetric square if g is a prime number. 
This is the maximum number for any orthogonal square 
of this kind. 
number. 


The situation is different if g is not a prime 


So far the explicit solution of the following problem 
has been derived: The 25 measurements of a quantity y 
obtained according to a 5 by 5 square are to be repre- 
sented by a power series [Eq. (2.1)] which contains the 
linear terms in six variables and the second-order terms 


four variables. The 
procedure is described in detail in the following sections 


including interaction terms) in 

It is believed that the great majority of practical 
problems will be covered by this case. A problem in 
volving more variables or a higher order will, in general, 
require a greater number of measurements than desir 
able in a single set. Usually, division into several 
smaller problems will be preferable. However, the 
method of symmetric squares can also be applied to 
more complicated problems. 


(4) PREPLANNING A SYMMETRIC 5 BY 5 SQUARE 


The advantages offered by a symmetric square can 
be obtained only by strict preplanning according to the 
following rules. 

(a) As far as possible in view of theoretical and pre 
vious experimental knowledge, the independent vari 
ables 2, 22, 23, and 2; should be chosen in such a manner 
that the measured quantity y is in first approximation 
linearly dependent on them. The quadratic function 
resulting from the measurements will be a second ap- 
proximation in any case, but the quality of the approxi- 
mation depends on the selection of the variables. 

(b) Two more independent variables, z, (row coordi- 
nate) and z (column coordinate), can be introduced. 
For these, only first-order coefficients will be deter 


mined. Variables can be introduced as 2g, or 2, if it is 


expected that y depends on them strictly linearly or if 
The subscripts 7, 0, 1, 2, 3, 
{ in the formulas following later must not be inter- 
changed. 


their influence on y is small. 
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Table 5S, Calculation of Coefficients 
Subscripte: m =r, 0, 1, 2, 3, 4; h, 4, J, k=1, 2, 3, 4 
Calculate S(y), S(xpy), S(x;°y), S(x;x,y) using Table 4 

Byy = 8 2)y = - 25(y) 

Ei * S(x xy) (only for j # k) 

The coefficients are: 

= 0,025(x,y) 

= 0,04S(y) 25, 


(see Table 6) 


(c) Choose the range of each independent variable 
z; Calculate the value w, in the center of the range of 
z; One-fourth of the difference between the upper and 
the lower limit of the range is the distance d; between 
two levels. Write down the five selected values of ;— 
namely, — 2d;, w; — di, Wi + di, Wi + to- 
gether with the corresponding values —2, —1, 0, 1, 2 of 
the variable x;. Assemble the results for all variables 
in a table similar to Table 2. The table thus obtained 
will be called Table A. 

(d) The arrangement of the measurements is pre- 
scribed by Table 3 or the first seven columns of Table 4. 
Copy these seven columns and add in six more columns 
. 2. Table B 
thus obtained is used for the experimental work. 


the corresponding values of 2,, 29, 21, . . 


(5) CALCULATION 


The object of the calculation is the determination of 
the 17 coefficients in the power series. 


SEVERAL 


VARIABLES 


This function Y should be determined in such a manner 
that it approaches the experimental results y as closely 
as possible. 

We shall first determine the corresponding coefficients 
of the reduced series 


+ CoXo + + owe + 


and later compute the coefficients of Eq. (5.1) from 
those of Eq. (5.2). 

The subscript m will be used to indicate all coordi- 
nates including x, and x9; the subscripts h, 7, 7, k will 
represent only 1, 2, 3, or 4. The symbol S prescribes 
that the quantity following in parentheses is to be 
summed over all 25 experimental data. The symbols 
S; and S;, indicate summation over all values of the 
subscripts. 

The computation of the reduced coefficients c is out- 
lined in Tables 5 and 6. The formulas have been de- 
rived by the method of least squares under the assump- 
tion that equal weight may be assigned to all data. 
Later, the insignificant coefficients will be dropped and 
the standard error will be computed. 
cedure follows. 


The detailed pro- 


(a) If some of the measurements have been carricd 
out at a level of a variable z,, slightly different from the 
prescribed level, an appropriate correction can be de- 
termined. The procedure, illustrated in Section 7, is 
not difficult but increases the computation work. 

(b) Multiply each of the 25 values of y in turn by the 
corresponding value of y, x;, xc, and the other quantities 
appearing in Table 4. Add all 25 values of y, y’, and of 


each product. The sums are called S(y), S(v*), S(vmy), 


= f+ fe + ft fat... + fat 

Table 6. MATRIX 107U 

22 33 13 23 au | | 
jk 
11 219498 | -28502 | -28502 19498 10212 58212 76887 '|-107113 | -61788 | -29788 
22 -28502 | 219498 19498 | -28502 58212 | -29788 | -107113 76887 10212 | -61788 
33 -28502 19498 | 219h98 | -28502 -61788 10212 | -107113 76887 | -29788 58212 
4h 19498 | -28502 | -28502 | 21998 -29788 | -61788 76887 |} -107113 58212 10212 
12 10212 58212 | -61788 | -29788 187987 | -20013 | -37145 26855 | -20013 | -92013 
13 58212 | -29788 10212 | -61788 -20013 | 187987 26855 -37145 | -92013 | -20013 
14 76887 |-107113 |-107113 76887 -37145 26855 | 278122 || -193878 26855 -37145 
23 -107113 76887 76887 |-107113 26855 | -37145 | -193878 278122 | -37145 26855 
2h -61788 10212 | -29788 58212 -20013 | -92013 26855 -37145 | 187987 | -20013 
ah -29788 | ~61788 58212 10212 -92013 | -20013 | -37145 26855 | -20013 | 187987 


| 
| 
| 
| 
| 
| 


able CALCULATION OF COEFFICIENTS 


(if all interaction terms are negligible) 


Cm = 0.02S(xmy) 
Chh = Ehn/70 
= 0.04S(y) - 2Sn(chh) 
Ex = S(xprey) (for 7 k) (5.4) 


(c) The further procedure is summarized in Table 5. 
First the linear coefficients 


Cn = 0.02S(xmy) (5.5) 


are computed. 

(d) The results for Ej; and Ey, are written as Table 
C in one column in the order prescribed by the first 
column of Table 6. 

The second-order coefficients are calculated by the 
relation 


Cu = S(O jx) (5.6) 


with the aid of the matrix components Uy; given in 
Table 6. Multiply each figure of the column headed 11 
in Table 6 by the value of /y, in the corresponding line 
of Table C, sum the ten products, and divide by 10’. 
The result is Cy. Then multiply the column headed 22 
with Table C and obtain ¢22 as the sum of the ten prod- 
ucts. In this way proceed until all coefficients are cal- 
culated. 
(e) Compute 


= 0.04S(y) — 


or 
“J 


from the results obtained in steps (b) and (d). As 
semble all 17 coefficients in Table D. 

(f) The calculation is, in principle, completed if the 
reduced coefficients ¢, Cm, Cj, Cj, assembled in Table D 
are transformed into the coefficients f, fn, fj;, fix of Eq 
(5.1). The formulas for this transformation are 


f = ¢ — SalCnttm/dn) + S,(c,2/d,2) + 
Six (Cj, W Wy ‘dydx) (5.8) 


= c,/d;; fo = Co/do (5.9) 
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f; = — 2c ‘d; Si | d; 
(j ~k) (5.10 
fis = Sx = 
These equations can be checked by introducing Eq. 


(5.4) and Eqs. (5.9) to (5.11) into Eq. (5.1) and com 
paring the result with Eq. (5.2). 


Cy. /dydy (5.11 


It is preferable, however, to postpone this transfor- 
mation until the results obtained have been appropriately 
discussed. The discussion is based on the coefficients c, 

rather than on the coefficients f,.... 


(6) DIscCUSSION OF THE RESULTS 
The reduced coefficients c, . . ., assembled in Table D, 
furnish a comprehensive and convenient description of 
the experimental results. The influence of each vari- 
able and each term of Eq. (5.2) can be directly judged 
from the values of these coefficients. In the whole ex- 
perimental range, any term C,,%, makes contributions 


lying between —2c,, and 2c, to the result, any term 
CX,” contributions between zero and 4¢,, any term 
CriXaX; contributions between —4c,; and 4c¢,;. Com- 


parison of the coefficients indicates immediately which 
variables and which terms are more important than the 
others, 

In general, some of the terms will be smaller than the 
experimental errors. They should be eliminated since 
they add an unnecessary load in the application of the 
results. Various methods can be used for this elimina- 
tion. 

An extremely simple elimination procedure can be 
used if the magnitude of the experimental errors is fairly 
well known in advance. In this case, all those terms are 
dropped which contribute not appreciably more than 
the expected experimental error. If all interaction 
coeflicients are dropped, new coefficients are easily 
calculated according to Table 7. The resulting new 
set of coefficients furnishes the best representation of 
the data. 

If not all interaction coefficients can be eliminated, 
the calculation of a new set of coefficients is hardly 
worth while. It will be sufficient, in general, to recal 
culate only the coeflicient c 


c = 0.04S(yv) — (can) (6.1) 


Table 


S ky - = S(y") - 0.04 s(y) | ~ 50Sm(om*) 


VARIANCE 


70Sn(chh’) - 


- 60(c1ices + Ciptis + CiiCe4 + + + + + CosCa4 


+ + Ciste3 + + CisCa4 + C4qgCis + C14Ca4 + CagCos + 


- 20(c1ircs4 + Cigti4 + CooCig + + CasCa4 + + + 


- 100(ciscs,4 + CisCo4 + C14C2a) 
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TESTS INVOLVING SEVERAL VARIABLES o7 
Table LEVELS OF THE VARIABLES (TABLE A 
xi -2 -1 0 1 2 Wi dy 
speed (r.p.m.) 46 54 83 73 85 
Z. = log speed 1.663 1.732 1.799 1. 863 1.929 1.797 0.0665 
Dai 0.008 | =0.0015 | +0.002 0.0005 0.C6I 
weight fraction oil 1/3 17.2] 1/173) 1/100 
22 = log (wt. fr. ofl) | -0,477 | -0.857 | -1.238 | -1.618 | -2.000 | 1.238 |-0.381 
za = A/(A + B) 0 0.25 | 0.5 0.75 | | 0.5 0.25 
zq = feed rate 0.0030 ) 0.0081 | 0.0130} O.01€0 | 0.0230 | 0.0130 | 0.0050 
(in. per revolution) 
0 =0.0001 + 0 0 0 
with the retained coefficients c,,. In the present series 
of second degree, the original values of the first-order Table 10, Experimental Results 
coefficients c, are strictly the final values in any case, 
even if some coefficients are dropped. The second- 
order coefficients ¢,, and c,; are, after elimination with- 
out recalculation, not strictly the best values but in No, Dy Temp. °F=y 
general they will furnish a sufficient approximation. 

If the experimental errors cannot be sufficiently well 1 1075 
estimated in advance, the standard deviation 7 of the > l a 
complete series in Eq. (5.2) can be used as an estimate. x 1 mi 
The standard deviation is given by 4 1 499 

T? = S[(y — Y)?]/(25 — gq) (6.2) 5 -6 789 
where g is the number of coefficients (including c) used 6 4 1046 
in Eq. (6.2). The standard deviation can be used by 5 1 876 
computing all 25 “calculated” values Y according to 8 1 1061 
Eq. (6.2) or with the aid of the formula given in Table 8. 9 1 1089 
This formula and Eq. (6.2) are to be used only for the 10 580 
original complete set of coefficients or for a recalculated 
new set but not for coefficients retained after elimina- 11 1 486 
tion without recalculation. 12 ol 684 

The elimination of insignificant coefficients can then 13 ~1 1059 
be carried out as before or by comparing variances cal- 14 1100 
culated for several sets of coefficients with the aid of 15 1 1161 
Fisher's Table.* 

The finally adopted set of coefficients Gn, Cri 1S 16 1049 
directly used for the interpretation of the experimental 17 -1 509 
results. For practical applications, the final set is con- 18 oS 995 
verted to the coefficients f, fm, finn, fxr by means of Eqs. 19 1 1077 
(5.8) to (5.11), as described in the preceding Section. 20 1 1023 

(7) EXAMPLE—-PERFORMANCE OF CUTTING TOOLS 21 i 1064 

The present method has been applied in a current 22 1130 
examination of the influence of cutting oils on the per- 23 1 611 
formance of cutting tools by S. J. Beaubien and L. P. 24 ~4 696 
25 -1 1014 

* Cf. Snedecor, G. W., Statistical Methods, 4th Ed., Table 10.7, 

The Iowa State College Press. 


S(y) 22,860 
22,166,129 
S(x,y) -69 
S(x,y) -180 


2,871. 
S(xoy) 342 
S(xay) -467 


6,720 


Ei1 119 
Eno 24 
Ess 49 


Eg, -3, 466 


139 
-1,101 
-806 
Eos -2,296 
Eo, -491 


Ex, 509 


Richardson, Fuels and Lubricants Engineering Depart 
ment, Shell Development Company. 


The specific problem was to find out the relative ad- 
vantages of two types of cutting oil and their mixtures. 
Several factors could be expected to influence the per- 
formance of the cutting tool. In the present problem, 
the influence of the ratio oil/ water, the lathe speed 
(r.p.m.), and the feed rate (inches per revolution) was 
considered to be interesting. The tool performance, 
therefore, was to be tested as a function of the mixing 
ratio oil A /oil B and three additional independent vari- 
ables. 
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Several quantities were selected for the description of 
the performance. The total force applied, the shear 
force, the temperature at the tool contact point, and the 
width of the chip were directly measured. Various 
other quantities were calculated from these data. In 
the following, the results for the tool temperature y(°F. 
will be discussed. 

A discussion of the possible influence of the variables 
on the measured quantities led to the choice of the 
logarithm of the speed, the logarithm of the weight 
fraction oil/(oil + water), and the weight fraction oil 
A (oil A + oil B) as variables. The test conditions 
and variables are given in Table 9, which represents 
an example of Table A mentioned in Section 4. 

Since speed and feed rate are set by means of gears 
provided on the lathe, the levels for 2; and 2, could not 
be selected precisely equidistant from one another. 
Table 9 shows as Dz, and Dz, the differences between 
equidistant levels with the chosen values of w,, d; and 
w,, dy and the actually used levels. 

The calculation was carried out as outlined in Section 
!. Since the levels of the first and fourth variables were 
not precisely equidistant, corrections Dy for the ob 
served results were estimated as prescribed in paragraph 

a) of Section 4. For this purpose, the average of y for 
the five tests in which x, had the value —2 was calcu 
lated. Similarly, the averages for xy = —1, 0, 1, 2 were 
computed. The five averages were plotted against 2; 
and Ay estimated from the curve. The same procedure 
was followed regarding x;. Table 10 shows the cor 
rections and the corrected experimental results. 

The results of step (b) are assembled in Table 11 

Table C). Steps (c), (d), and (e) lead to Table 12 

lable D). 

These calculations can be carried out rapidly with the 
aid of machines such as International Business Machines 
as soon as the necessary master cards have been pre 
pared. All quantities recorded in Table 11 except S(y° 
can be calculated by means of sorter and tabulator. A 
calculating punch is used for computing S(y") and ¢,, 
and 

Chere are various means available for estimating the 
magnitude of the experimental errors and the signifi 
cance of the coefficients assembled in Table 12. 

rhe table contains values for the coefficients c, and « 
although the corresponding variables x, and xe, provided 
for in the square, have not been used. Therefore, under 
ideal conditions these coefficients would be zero. De 
viations from zero may be due to experimental errors 
and to failure of the quadratic function to represent the 
measured quantities. Practically, the values of c, and 

multiplied by two, furnish estimates of the experi 
mental error. These estimates are, indeed, of the ordet 
of magnitude of the precision P of the instruments used 
in the measurements. The estimated values of P are 
shown in Table 12. It has been expected that the lim 
its of accuracy of the data will be appreciably wider than 
the precision. 


Indeed, the standard deviation 7 of y, calculated ac 
cording to Eq. (6.2) and the formula of Table 8, is con- 
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Table 12, Complete Set of Coefficients (Table D) Table 13. Final Coefficients 
1013.4 
Co -3.60 
Cy 134.0 
6.84 
Cay 
C4 134,00 T 62.1 
16.07 
11 f -951 
1.58 
22 
fi 713 
4.08 
3 
-53.61 f, 78.3 10 
-1981 10° 
C13 12.54 
(a) Cutting oil A, oil B, and their mixtures do not 
C14 -11.10 differ in the effect on tool temperature. 
Coz 4,17 (b) The variation of the ratio of oil to water between 
0.01 and 0.3 has no effect on the temperature. 
Co4 -15 
(c) The tool temperature depends greatly on the 
Ca4 3.22 feed rate and slightly, but significantly, on the speed. 
The quantitative relations are given by 
P 20 
y =f t+ fiti + fata + fasta? (7.1) 
T 53.9 


siderably greater. Taking the standard deviation as a 
basis, one sees directly that only few of the coefficients 
c, and Cp, and none of the interaction coefficients c,; are 
significantly greater than the experimental error. New 
sets of selected coefficients c, and c,,, therefore, have 
been calculated according to the equations of Table 7. 
The variances of several such sets are easily compared. 
The final results are given in Table 13. The standard 
deviation 7 of the new set in Table 13 is slightly, but 
significantly, higher than the value of 7’ for the complete 
Set. 

Within the limitations imposed by the range and ac- 
curacy of the measurements, the following conclusions 
can be drawn: 


where the coefficients are given in Table 13 and 2, = 
log (speed in r.p.m.), and z; = feed rate in inches per 
revolution. 


A simpler schedule can be adopted, of course, for fu- 
ture tests of a similar nature. But such a change would 
not have been justified without the information ob- 


tained in the present tests. 


The present example shows the efficiency of the 
method of symmetric squares in determining, by means 
of a moderate amount of experimental and computing 
work, the influence of several independent variables on 
a measured quantity. The advantages of the method 
would be more conspicuous in the determination of 
quantities that depend on the independent variables in 
a more complicated way. 


1 
] 
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with a heavier striking load than 


any known airplane of its weight or size 


—the U.S. Navy’s Douglas A3D-1 


Faster than many jet fighters, the Doug- 
las A3D-1 can lift a bigger bomb load 
from an aircraft carrier and deliver it 
farther than any known plane. 

First swept-wing jet attack bomber 
ever built for the Navy, A3D-1 is in the 
600 to 700 mph class—and can operate 


Be a Naval flier—write to: 
Nav Cad, Washington 25, D. C. 


Depend on DOUGLAS 


on missions at 40,000 feet. Key to its 
speed, range, and striking power is the 
simplicity and lightweight strength of 
its Douglas airframe—which has already 
become a springboard for new con- 
figurations. A3D-1 has passed its early 
flight tests, and is already in production 


for delivery to the United States Navy. 

Performance of the A3D-1 is another 
example of Douglas leadership in avia- 
tion. Developing planes that can be 
produced in quantity—to fly faster and 
farther with a bigger payload—is the 
basic rule of Douglas design. 


—— First in Aviation 


<> 


MAGNESIUM CUTS DEAD WEIGHT, 
INCREASES HELICOPTER EFFICIENCY 


Extensive use of DOW MAGNESIUM sheet, extrusions, and sand 


castings saves many important pounds on this versatile aircraft 


When you have to go straight up from a standing start, 
weight saving is of prime importance. That’s why designers 
of helicopters are making extensive use of magnesium, the 
world’s lightest structural metal. 


The range and capacity of one current production model 
helicopter have been greatly increased by the use of mag- 
nesium. In this ship the requirements of magnesium are 
equal to approximately 25% of the craft’s total empty 
weight. This consists of 400 pounds of castings, com- 
prising 90 different parts, and 700 pounds of sheet and 
extrusions, including nearly all of the fuselage skin. 


you can depend on DOW MAGNESIUM 


lhe weight saved by the use of magnesium has helped 
increase the efficiency of helicopters. Where only yester- 
day these craft were novelties, today they are the real 
work horses of our armed forces. 

Whenever you have a weight problem, investigate magne- 
sium. One-third lighter than aluminum, magnesium offers 
you an exceptionally high strength/weight ratio. It is a 
practical metal, available in all common forms, workable 
by all standard shop methods. For complete information, 
call your nearest Dow office or write to: Magnesium De- 
partment, THE DOW CHEMICAL COMPANY, Midland, Michigan. 
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IAS Previews 


Integral Relations in the Linearized Theory 
of Wing-Body Interference 


By 
A. H. Flax 


Cornell 
Inc 


Aeronautica Laboratory, 


The reverse-flow theorem is extended to 
the case of a wing mounted on a cylindrical 
body of any cross-sectional shape. Also, 
two Trefftz-plane theorems relating the 
total lift and rolling moment on such a body 
to the corresponding values for the wings 
are derived. Based on these results, some 
further general relationships between in- 
tegrated lifts and moments on the wing, 
the body, and the combination are ob 
tained. It is shown that the lift distri- 
bution on the wing-body combination in 
reverse flow is the influence function for 
Further, it is 
shown that the influence function for 
rolling moment is the lift distribution over 


lift of the combination. 


the combination rolling at constant angu- 
lar velocity in reverse flow. It is also 
shown that the lift induced on the wings by 
a unit body angle of attack is equal to the 
lift induced on the body by a unit wing 
attack in 
lifting-line theory, slender-body theory, 


angle of reverse flow. In 
or for any wings having a spanwise axis 
of symmetry (such as rectangular or 
diamond wings), the need for consideration 
of reverse flow is eliminated, and the re 
sults assume a particularly simple form 
lhe results are valid for subsonic or super- 
sonic flow within the limitations of linear 
ized theory 


Fully Plastic Rotating Disc With Large 
Strains 


By 


Melvin Zaid 
Sperry Gyroscope Company 


The thin rotating dise of arbitrary pro 
file and boundary conditions is considered 
for a material with an arbitrary stress 
strain curve. In order to investigate 
stresses, strains, and speeds leading to 
failure, a finite strain theory is used. 

The concept of a strain plane is intro 
duced, and, with it, general solutions are 


obtained particularized to many 


Summaries 


Residual 


specific profiles and materials. 


stresses in one particular case are evalu- 
ated. With the aid of these solutions, it is 
shown that the bursting speed is depend- 
ent largely on profile shape, and examples 
are presented to show this relationship. 

The small strain theory indicates that 
complete yielding of a perfectly plastic 
dise takes place for a speed of about 17 
per cent above that for a disc at the elas- 
tic limit. The large strain theory, how- 
ever, indicates that a speed of approxi 
mately 100 per cent above the elastic limit 
can be achieved before the dise will burst. 
The latter is a more realistic theory for 
evaluation of allowable safety factors. 

A theoretical solution for bursting is 
checked against previously performed ex- 
perimental work and agrees to within | 
per cent. Strain distributions check 
quite well. 


Thermal Stresses in Conical Shells 


By 
J. H. Huth 
The RAND Corporation 


This paper considers the stresses in a 
conical shell of revolution resulting from 
aerodynamic pressure and thermal gradi- 
ents. In particular, the results are appli- 
cable to the conical tip of a missile flying 
at zero angle of attack; a numerical ex- 
ample is given for a temperature distri- 
bution typical of a laminar boundary layer. 
It is concluded that, from the standpoint 
of eliminating high stresses, large tempera- 
ture gradients both along a ray and across 
the shell thickness are most undesirable. 


The Upwash Correction for an Oscillating 
Wing in a Wind Tunnel 


By 
Theodore R. Goodman 


Cornell Aeronautical 
Inc 


Laboratory, 


The upwash correction has been calcu 
lated for an oscillating three-dimensional 
wing in a circular wind tunnel at incom- 
pressible speeds. The upwash is given 
both at the wing itself and at downstream 
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Current Pampers 
Accented for JAS Publications 


Please do not order Preprints 
of these papers at this time. 

See page 60 for Preprints 
that are immediately available. 


positions where, conceivably, a tail may 
The tunnel upwash is cal- 
culated numerically for the entire fre- 
quelcy range. 


be located. 


Review of Published Data on the Effect of 
Roughness on Transition from Laminer to 
Turbulent Flow 


By 
Hugh L. Dryden 


National Advisory Committee for 
Aeronautics 


A review is presented of the published 
data on the effect of roughness, especially 
single roughness elements, on transition 
from laminar to turbulent flow, in which 
an attempt is made to reanalyze and cor- 
relate the available information. The 
reanalysis shows that the transition Reyn- 
olds Number of a flat plate with zero 
pressure gradient is a function of the ratio 
of the height of the roughness element to 
the displacement thickness of the bound- 
ary layer at the element, this functional 
relation being a better representation of 
the data than a constant critical Reynolds 
Other 
data show that the effects of roughness 


Number of the roughness element. 


are similar in streams of different initial 
turbulence and that a plot of the ratio of 
transition Reynolds Number of the rough 
plate to that for the smooth plate against 
the ratio of the height of the roughness 
element to displacement thickness of the 
boundary layer at the element gives good 
correlation of all the data for a given shape 
of roughness element when transition oc- 
curs downstream from the roughness 
element. 

At a certain value of the  height- 
thickness ratio dependent on the stream 
speed, location of roughness element, and 
air-stream turbulence, the transition po 
sition reaches the element and remains 
there as the height or the stream speed is 
further increased. 
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The paper also discusses available data 
on the effect of distributed roughness on 
transition on a flat plate, as well as some 
of the published data on roughness effects 


on transition on airfoils 


Critical Bending Stress for Flat Rectangular 
Plates Supported Along All Edges and Elas- 
tically Restrained Against Rotation Along 
the Unloaded Compression Edge 


By 
James H. Johnson, Jr., and Robert G. Noel 
North American Aviation, Inc. 


A theoretical analysis of the critical 
bending stress for flat rectangular plates 
supported along all edges and elastically 
restrained along the unloaded compres- 
sive edge is presented. Critical buckling 
constants for four positions of the axis of 
zero stress are computed for all values of 
edge restraint and wave length. These 
four positions are locations of the axis of 
zero stress, varying from mid-depth of the 
plate to the unloaded tension edge. The 
latter location of the zero stress axis is that 
of triangular compressive loading. 

A discussion of the effects of elastic re- 
straint against rotation along the unloaded 
tension edge is given. 


Structural Analysis and Influence Coefficients 
for Delia Wings 


By 
Samuel Levy 


National Bureau of Standards 


A method is presented for determining 
the stresses and deformations in delta 
wings of multispar construction having 
chordwise ribs and thin cover sheets. The 
spars need not be parallel, and the cover 
sheets can have large cutouts. The in 
dividual spars may be clamped, simply 
supported, or free at the root. The 
method is based on the interaction be- 
tween the bending stiffnesses of the spars 
and ribs with effective cover sheet and 
the torsional stiffness of the cover sheet. 
The method is well suited to the use of 
high-speed computing machines. 


Three-Dimensional Laminar Boundary-Layer 
Flow 


By 
Franklin K. Moore 


Lewis Flight Propulsion Laboratory, 
NACA 


The possibilities for predicting steady 
three-dimensional boundary-layer behav 
ior are inferred from detailed considera- 
tion of the case of a cone at angle of attack 
to a supersonic stream. 
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Hose Assemblies are Attached 
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An important feature is the con- 
servation of critical, stabilized 
Stainless Steel such as type 321 
and 347 made possible by the 
use of AVICA 303 Stainless Steel 
detachable fittings mechanically 
applied to AVICA type 304 
Stainless Steel Flexible Hose. 
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Qualitative features of the cone bound- 
iry layer are discussed, and solutions are 
(a) Angle of attack 
is assumed small (a method of perturba- 


uons ); 


presented in which: 


thickening of the boundary layer 
mn the lee side of the cone is indicated, but 
no separation of the cross flow occurs 
b) Consideration is restricted to the plane 
4 symmetry of the flow, with no restric- 
tion on angle of attack; on the lee side of 
the cone, unique solutions are limited to 
small angle of attack, and beyond a cer 
tain angle of attack the boundary layer 
cannot remain thin 

The concepts of displacement thickness 
ind flow separation are generalized to 
three dimensions, and failure of the thin 
boundary-layer assumptions 1s related to 
the formation of strong vortices in a sepa 
rated region for laminar or, more tenta 
tively, turbulent flow 


The Aerodynamic Characteristics of Low 
Aspect Ratio Wing-Body Combinations in 
Steady Subsonic Flow 


By 
H.R. Lawrence 
Cornell 


Inc 


Aeronautical Laboratory, 


The linearized flow field about a thin 
wing of arbitrary twist mounted on an 
infinite inclined circular cylinder in a uni- 
form incompressible free stream is formu- 
lated as the solution of a pair of simulta- 
neous integral equations in two variables. 

By making use of an extended form of 
the slender-body approximation, the si- 
multaneous integral equations are shown to 
be equivalent to a single integral equation 
valid on the wing surface. 

The method employed by the writer is 
used to approximate this two-variable 
integral equation by a single-variable in- 
tegral equation for the chordwise lift 
distribution. The chordwise lift distri- 
bution on the wing-body configuration is 
shown to be identical with that of a wing 
with the same exposed plan form but al 
tered twist distribution. A procedure for 
computing the distribution of lifting pres 
sures is presented. 

Methods for extending this result to 
bodies of finite length and to account for 
the effects of compressibility are discussed 


The Contribution of Higher Mode Resonance 
to Helicopter Rotor-Blade Bending 


By 
Harold Hirsch 


Cornell 
Inc. 


Aeronautical Laboratory, 


Results obtained from flight tests of a 
family of main rotor blades, similar in all 


IAS PREVIEWS 


respects except flapwise bending stiffness, 
are reviewed with the objective of pointing 
out the role that resonant bending, par- 
ticularly in the second and third bending 
modes, has been observed to play in de- 
termining the beam bending moments 
It has 
been found that in certain critical con- 


experienced by the test blades. 


ditions the contribution of higher mode 
bending to the total bending moment may 
be as great as the sum of the steady, first 
and second harmonic terms usually con- 
sidered in current blade analysis methods. 
The source of the forces exciting the res- 


onance has not been determined; how 
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The Bellofram Division of the Kendall Controls 
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conditions. 
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WALTHAM 54, MASS. 


144 MOODY STREET 


* Denotes Kendall’s long stroke deep convolution constant area diaphragms. 


65 


ever, it appears to be of aerodynamic 
origin. 


The results call attention to the influ- 
ence resonant bending may have in de- 
termining, from the fatigue point of view, 
the structural life of rotor blades. Since 
the blade resonant frequency in the second 
mode will, in general, lie between four and 
five times rotor speed and in the third 
mode between six and nine times rotor 
speed, the number of stress cycles ex- 
perienced by the rotor blades will include 
corresponding 


multiples of the rotor 


rotation. 
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News of Members 


Continued from page 21 


Formerly, Junior Acronautical Engineer, 
Cornell Aeronautical Laboratory, Inc 
Carvel E. Mair (TM), Engineer, Guided 
Missile Development, Chrysler Corpora- 
tion. Formerly, Junior Engineer, Aero 


dynamics, Propeller Division, Curtiss 
Wright Corporation 
Mrs. Helen Striho Marble (TM), 


Junior Aeronautical Engineer, Composite 
Design Section, Aero-Mechanics Depart 
ment, Cornell Aeronautical Laboratory, 


AERONAUTICAL 


ENGINEERING 


Inc. Formerly, Junior Aeronautical En- 
gineer, Physics Department, Cornell Aero 
nautical Laboratory 


Robert K. Mueller (M), 
Professor, Department of Aeronautical 
Engineering, Massachusetts Institute of 
Technology 


Associate 


Assistant Pro- 
fessor, Department of Aeronautical En 
gineering, M.I.1T 


Formerly 


Henry E. Navert (TM), now Design 
Engineer Flutter-Dynamics and 
Propeller Group, Beech 
tion 


Aircraft Corpora- 


REVIEV 
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Flight Lieutenant A. E. Sutherland, 
RCAF (M), Aircraft Maintenance Officer 
3 Fighter Wing, RCAF, Zweibriicken 
Germany. Formerly, Squadron Engineer 
ing Officer, 103 Rescue Unit, RCAI 
Greenwood, Nova Scotia. 

Edward G. Uhl (M), Vice-President 
Chief Engineer, The Glenn L. Martir 
Company. Formerly, Chief Project En 
gineer, Martin 


George E. Woods-Humphrey (AF 
Special Consultant to the President 
Flight Refueling, Inc. Formerly, Presi 
dent, Flight Refueling. 


Philip R. Conrath 


Philip Russell Conrath, TMIAS, 
Air Loads Engineer with McDonnell 
Aircraft Corporation, was killed in an 
automobile accident on August 17, 
1952. 

Born on July 12, 1925, in St. Louts 
Mr. Conrath attended Webster Groves 
(Mo.) High School from 1939 to 1943 
In the latter year, he enrolled at 
Washington University and in 1945 
transferred to California Institute of 
Technology from which he was gradu 
ated in March of 1948 with a BS 
degree. 

Immediately after his graduation, 
Mr. Conrath accepted a position as 
Junior Electrical Engineer with J. 
Gordon Turnbull. In June of the 
following vear, he became an Elec 
trical Estimator for Frank Adam 
Electrical Company. He joined Mc 
Donnell Aircraft Company in Sep 
tember, 1950, and served from then 
until his death in the Design-Liaison, 
Flight Test, Stress, and Air Loads, 
departments. 


John D. Hubbard 


Word has been received concerning 
the death on February 2 of John Dean 
Hubbard, MIAS, Assistant Project 
Engineer at Chance Vought Aircraft 
Division of United Aircraft Cor 
poration. Further details were not 
given. 

Mr. Hubbard was born in Okla 
homa on May 15, 1917. He attended 
the Crescent (Okla.) High School and 
in 1935 matriculated at Oklahoma 
Agricultural and Mechanical College. 
He was graduated from Oklahoma A. 
& M. in 1939 with a B.S. degree in 
Mechanical Engineering, his major 
being in Aeronautics. 

In October of 1939, Mr. Hubbard 
became a Junior Stress Engineer with 


Necrology 


Spartan Aircraft Company's Struc 
tures Department Phe 
June, he joined Chance Vought Air 
craft Division of United Aircraft 
Corporation as Junior Stress Analyst 
During his vears with Chance Vought, 
he was responsible for the structural 
design and stress analysis of major 
components for given experimental 
projects, as well as of a complete pro 
duction version of an entire airplane 
project. 


following 


John F. Jacobs, Jr. 


John Francis Jacobs, Jr., MIAS, 
Director of Electro-Mechanical En 
gineering, The W. L. Maxson Cor 
poration, died on April 3 in a New 
York City hospital after an illness of 
3 weeks. He was +1 vears of age 

Mr. Jacobs, a native of New York 
City, was graduated in 1932 with a 
B.S. degree from the United States 


Naval Academy He served until 
1934 as a Naval Ensign assigned to 
carrier aircraft} operations. Upon 


completing this tour of 
signed from the Navy and studied at 
Stevens Institute of Technology’s 
Graduate School during the 1934 
1935 academic 

After working for a short time as a 
Junior Engineer with Fairchild Aerial 
Camera Corporation, he left to be 
come 


duty, he re 


Development Engineer for 
American District Telegraph Com- 
pany. In 1940, he joined the Sperry 
Gyroscope Company, Division of The 
Sperry Corporation, as Product En 
gineer and was subsequently promoted 
to Assistant to the Chief Engineer 
and Assistant to the Vice-President 
Research and Engineering. He was 
associated with Reaction Motors, Inc. 
from 1949 to 1951 as Engineering 
Manager. Two vears ago, he ac- 
cepted the position with the Maxson 
Corporation which he held at the 
time of his death 


Flavius E. Loudy 


Flavius Earl Loudy, AFIAS, Chiet 
Engineer in the USN Office of BuAer 
Representative at Grumman Aircraft 
Engineering Corporation, died or 
March 21 at Nassau Hospital, L.1 
N.Y. 

Mr. Loudy was one of the pioneers 
in the aeronautical industry. He 
learned to fly in 1911 at Ann Arbor 
Mich. In 1914, he developed and 
tested a ‘“‘superior’” type of flving 
boat ina Navy tank. He was gradu 
ated from the University of Michigan 
in 1916 with a B.S.E. degree in Aero 
nautical Engineering. 


He was 61 vears of age. 


Shortly after his graduation from 
Michigan, he went to work for the 
Martin Aeroplane Factory in Elvria, 
Ohio. Here, he was the Engineer-in 
Charge of the design and construc 
tion of the J. V. Martin twin-engined 
bomber and of the Martin Kitten 
a shipboard airplane that incorpo 
rated the first retractable landing gear 
During 1919-1920, he had charge 
of the aerial torpedo experiments and 
transmission tests at McCook Field 
on the J. V. Martin bomber. 


At a later period in his life, Mr 
Loudy was in charge of a drafting 
group on the hull of the rigid airship 
U.S.S. “Shenandoah,” performed 
stress analyses of the RS-1 semirigid 
and TA and TC nonrigid airships 
and had charge of structural! 
design on the rigid airship, 
Among some of his other 
accomplishments was the develop 
ment in 1928 and 1929 of a twin 
engined five-place all-metal amphibian 
done under the banner of the defunct 
Loudy Aircraft Company of which 
he was President and General Man 
ager. 
Aircraft in 1931 and, 7 years later 
was assigned to the BAR office at 
Grumman. 


He joined the Office of Naval 
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St. Louis Meeting 


The convertiplane—built big 
enough for transport purposes—is 
ultimate necessity for continued ex 
pansion of commercial air transporta 
tion,” in the opinion of Col. William 
B. Bunker, Chief, Air Transportation 
Services Division, U.S. Army. 

Colonel Bunker expressed his point 
of view in an address before 150 mem 
bers of the American Helicopter So 
ciety at a meeting in St. Louis on 
March 25. He shared the program 
with John I. Parcel, Vice-President of 
Sverdrup & Parcel, Inc., who dis 
cussed ‘‘The Professional Status of 
Engineers.” 

Colonel Bunker made it clear that, 
to be successful, a convertiplane will 
have to ‘“‘offer a real measure of ad- 
vantage over both the helicopter and 
the fixed-wing aircraft.’’ said 
that the speed would have to be at 
least 300 knots and that the landing 
requirement must not exceed a few 
hundred yards. 

The Army, the Colonel added, will 
be able to use convertiplanes for ob 
servation and reconnaissance. But 
he doubts that they can replace heli 
copters and trucks for short-haul 
cargo service. 

The speaker said helicopters them- 
selves show great room for improve- 


American 


AERONAUTICAL ENGINEERING REVIEW 


Colonel William B. Bunker. 


ment in dependability and mainte 
nance and the present necessity to allo 
cate 40 per cent of available funds for 
spare and replacement parts, along 
with the necessity for storing and 
maintaining them, is a major military 
aviation problem 

Colonel Bunker continued: ‘While 
I realize the speed advantage of the 
helicopter, . . . I wonder if the truck 
isn’t still ahead. I believe it is ap 
parent that we could afford a consider 


Shown during the AHS visit to the Lakehurst (N.J.) Naval Air Station are: (left to right) 


Monroe R. Brown, Treasurer, AHS; 


Comdr. R. S. Roberts, Commanding Officer, Helicopter 


Squadron Two, USN; Charles LeFever, Vice-President, AHS; and Commander McClannan, 
Executive Officer, Helicopter Squadron Two, USN. 
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Helicopter Society News 


ably lower pay load or less perforn 
ance in the machine if we could 
double its availability. 

“IT think we can agree that the de 
pendability of the Model T Ford was 
probably the cause of the success of 
the automobile industry. The DC-3 
occupies a somewhat similar niche in 
fixed-wing air transportation. What 
we need in the rotary-wing field is an 
aircraft with the characteristics of 
these two famous vehicles.”’ 


AHS-AWA Meeting 


On March 11, a joint meeting of the 
Aviation Writers Association and the 
American Helicopter Society was held 
at the National Press Club in Wash 
ington. The session was conducted 
with the Fiftieth Anniversary of 
Powered Flight as a background. 

The speaker was B. L. Whelan, 
General Manager of Sikorsky Air 
craft Division, United Aircraft Cor 
poration, who told many anecdotes of 
his early days in aviation. Mr 
Whelan is one of the few aircraft 
executives who completely bridges the 
gap between the early days of the 
Wright brothers and the modern 
helicopter industry. 


Open House at Lakehurst NAS 


About 250 members of the Ameri 
can Helicopter Society from the Phila 
delphia area recently attended an 
Open House program staged for AHS 
by Helicopter Squadron HU-2 at the 
Lakehurst (N.J.) Naval Air Station 
The party was arranged by Frank K 
MacMahon, of Piasecki Helicopter 
Corporation. 

In addition to a tour of the squad 
ron’s flight and maintenance facilities 
there was a demonstration of several 
helicopters now in service with the 
unit. 

CLAUDE O. Wirtz! 
Publicity Chairman, AHS 


Contributors to American Helicopt 
Society News are urged to keep in mind 
that it takes 6 weeks for copy to get in 
print. This page needs material on the 
activity of regional groups and individual 
members, but it must be in the hands of 
the publicity chairman not later than the 
5th of the month to appear in the issue of 
the second month following. Address 
contributions to Claude O. Witze, Piaseck 
Helicopter Corporation, Morton, Pa. 
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Corporate Member News 


e AiResearch Manufacturing Company, 
Division of The Garrett Corporation. . .A 
recently developed cabin-pressure con 
troller that is now in production at Ai- 
Research weighs less than 3 Ibs. and needs 
no external source of power. This unit 
combines a cabin-pressure selector, rate-of 
change selector, and a differential pressure 
control; it is mounted on the pilot’s 
instrument panel. A simple air valve 
for cabin-air discharge completes the sys 
tem. With this cabin-pressure controller, 
the pilot may select cabin altitude be 
tween sea level and 10,000 ft. and any 
rate of change for cabin pressure between 
100 and 2,000 ft. per min. The military 
version of this same control is available 
with two differentials—‘‘cruise’” and 
“combat.” A new 164page booklet, 
Electronic Facilities, was recently pub 
lished by The Garrett Corporation 
Chis booklet, 4-0-1, covers the available 
facilities and activities of AiResearch and 
is illustrated with more than 60 pictures 
It is available from AiResearch in Los 
Angeles. 


e Allis-Chalmers Manufacturing Com- 
pany. . . A 50-page motor and generator 
reference booklet, 51R7933, has been 
published and is intended to assist in the 
selection of motive power to handle most 
industrial applications. It is reprinted 
from the 1952 edition of Lincoln's In 
dustrial-Commercial Electrical Reference 
published by the Electrical Moderniza 
tion Bureau, Inc. Text and illustrations 
on integral horsepower motors and gener 
ators for the book were furnished by 
Allis-Chalmers in cooperation with the 
Electrical Modernization Bureau. Copies 
of this pamphlet, 51R7933, Allis-Chalmers 
\lotor and Geuerator Reference Book, are 
ivailable upon request. 


e Aluminum Company of America. 

A new technique of 60-cycle induction 
heating which uses ordinary household 
cleetric power has been developed. This 
method permits the heating of a 7,700-lb 
iluminum ingot to 750°F. in 50 min., 
is compared with some 12 hours required 
by conventional means such as soaking 
pits or other furnaces. It is said that this 
new technique will be invaluable in heavy- 
press production of big aircraft aluminum 
forging and extrusions. In essence, this 
low-evele induction heating method con- 
sists of placing an unheated ingot in a 
specially designed low-frequency electrical 
coil. Electrical energy of commercial 
frequency is then applied to the coil. 
The flow of this current through the coil 
induces a heavy current in the ingot itself 
which in turn produces the temperature 
rise in the metal. 


e American Airlines, Ine. . . .James W. 
Aston, a Vice-President of the Republic 
National Bank, of Dallas, Tex., was 
elected a Director of American Airlines. 


¢ Bell Aircraft Corporation. . . Lieutenant 
General William E. Kepner, USAF (Ret.), 
joined Bell on April 1 and 5 days later 
was elected by the Board of Directors to 
the position of Executive Vice-President. 
General Kepner retired from the Air 


The Bell X-1A, an improved and slightly larger version of the X-1 n 


ow in the Smithsonian 


Institution, was designed and built for the USAF by Bell Aircraft Corporation. This new re- 
search aircraft is powered by a rocket engine built by Reaction Motors, Inc. As soon as the 
initial flight tests are completed at the Air Force Flight Test Center, Edwards AFB, Calif., the 
X-1A is being turned over to the USAF Air Research and Development Command to obtain 
data that can be applied in the further development of America’s future high-performance 
aircraft. The NACA will work with the USAF on the X-1A project as part of this nation’s 


continuing research aircraft program. 


Force on last February 28, after more than 
4) years of active duty with the US. 
Army, Navy, Air Force, and Marine 
Corps. ... J. Fred Schoellkopf, IV, has been 
elected to the Board of Directors to fill 
the vacancy created by the death of his 
father, J. F. Schoellkopf, Jr., on December 
16, 1952. Mr. Schoellkopf is now Presi- 
dent of Niagara Share Corporation. 

Boeing Airplane Company... A recon- 
naissance version of the Boeing B-47 
Stratojet bomber is now being produced 
at the Wichita Division for the USAF. 
Although no details or production sched- 
ules were released, it was stated that de- 
liveries are scheduled to start later this 
vear. 

e Flight Refueling, Inc. ... At the Board 
of Directors meeting on April 6, Charles 
W. Newhall. Jr., was elected President 


50 HIGHT | 
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and Treasurer of Flight Refueling, and 
Myron B. Gordon, AFIAS, was elected to 
the position of Chairman of the Board of 
the corporation. At the same _ time, 
George E. Woods-Humphrey was 
appointed Special Consultant to the Presi- 
dent. Mr. Newhall is a Director of Flight 
Refueling and of Reaction Motors, Inc.; 
Mr. Gordon was formerly Vice-President 
of Fairchild Engine and Airplane Cor- 
poration and of Curtiss-Wright Corpora- 
tion; and Mr. Woods-Humphrey was 
President of Flight Refueling. 


@ General Electrical Company. . . Funeral 
services for George R. Prout, G-E’s Vice- 
President in charge of Nucleonic and 
Atomic Projects, were held in Schenec- 
tady, N.Y., on March 10. 


e G. M. Giannini & Company, Inc... . 
Model 85171A Spiralpot, a_ slide-wire 
multiturn potentiometer, is now available 
in precision grades of +0.05 and +0.025 
per cent linearity, with both independent 
and zero-based linearity ratings and closer 
rotational tolerances of +1°, —0°. 


e The B. F. Goodrich Company. . . Pre- 
liminary flight tests on the first tubeless 
tires to be used on aircraft were completed 
last March at the Naval Air Test Center, 
Patuxent River, Md. The Grumman 
F9F-6 Cougar, a swept-wing Navy jet 
fighter, was used in the tests. The main 
landing tires measure 24 by 5.5 in. and are 
inflated to 300 lb. pressure for carrier 
operations. The nose-wheel tire is 18 by 
5.5 in., inflated to 175 Ibs. 
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Consolidated Vultee Aircraft Corporation's new turboprop transport seaplane, the R3Y-1 
Tradewind, is shown in this artist's sketch. This 80-ton transport has a design top speed of 
more than 350 m.p.h. and a take-off time, with full load, of approximately 30 sec. It is 
powered with four Allison T40 turboprop engines, swinging contrarotating Aeroproducts pro- 
pellers. A self-contained AiResearch gas-turbine starter supplies air for the pneumatic en- 
gine starter and other auxiliary systems. Built-in multicell compartmentation below the cabin 
floor level provides watertight integrity and also leaves the cabin free of bulkheads and other 
obstructions. The Tradewind has a wing span of approximately 145 ft., a length of 142 ft., 
6 in., and a height at the vertical fin tip when beached in the cradle of 51 ft., 5in. According 
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Candidates are chosen on past scholasti 
achievement, experience and progress i 
their jobs, leadership qualities, and futur: 
potential. The first candidates under this 
new program were selected this spring by 
a management-appointed Selection Com 
mittee . According to a recent an 
nouncement, the company is ceasing oper 
ations in the liquid-propellant rocket 
engine field 

Lockheed Aircraft Corporation. . . |) 
order to attract more talented young 
Americans into engineering and industry 
a Lockheed Leadership Fund has beer 
established to finance 20 4-year college 
scholarships. At least 15 colleges and 
universities will participate in this plan 
Fifteen of the 20 awards will be offerec 
in a nation-wide competition, administere« 
by participating schools. The remaining 
five will be reserved for the sons anc 
daughters of Lockheed employees, thre« 
of these to be allotted to the California 
Division and the other two to the Georgia 
Division. The winners will be free t« 
attend the college or university of their 
own selection for study in some field appli 
cable to the aircraft industry. The par 
ticipants will be free upon graduation t 
work wherever they choose. All of the 
awards will provide tuition and fees 
plus $500 a year for expenses. They wil 
be renewable each year, if the winners 
meet prescribed scholarship and conduct 
standards. In addition to the student 
awards, the Lockheed Leadership Fund 


to the present schedule, the first flight model will be launched late this summer, and the ship will provide administration grants to 


itself will enter transpacific Navy service early in 1954. 


e The Goodyear Tire & Rubber Com- 
pany. . . The Subcontract Project Sales 
Department at Goodyear Aircraft Cor- 
poration has been reorganized and is now 
able to serve manufacturers in the same 
way that the parent company, Goodyear 
Tire & Rubber, answers original equip 
ment requirements in the automotive 
industry. Goodyear Aircraft has estab- 
lished a field representative at Seattle 
and realigned responsibilities of four 
staff representatives in the Akron, Ohio, 
sales office. Field representatives are also 
located in New York City, Wichita, 
Kan., and Los Angeles. 


@ Johns-Manville Sales Corporation. .. A 
new 32-page publication entitled Quin- 
terra-Quinorgo was recently issued by 
Johns-Manville. It gives complete in 
formation about these electrical insula- 
tions made of purified asbestos—why they 
were developed, what their character 
istics are, and where they may be used to 
advantage. 


e The M. W. Kellogg Company. . . An 
industrial scholarship plan, recently an 
nounced by the company, permits salaried 
employees to obtain full-tuition grants for 
undergraduate and graduate study in 
accredited colleges or universities, while 
maintaining their regular base pay. 
Known as the Morris W. Kellogg Scholar- 
ships, these grants—one for study toward 
a master’s degree and two for work lead 
ing to a bachelor’s degree—are being 
offered annually to selected salaried em- 
ployees of the company and its subsidiaries 


participating colleges and universities. . 
An experimental shatter-resistant canopy 
designed to protect jet-fighter pilots, has 


The Reguius, a guided missile some 30 ft. in length, has been developed at the Chance 
Vought Aircraft Division, United Aircraft Corporation, under USN BuAer sponsorship. The 
program was initiated in 1947, and the first missile was developed the following year. It 
made its first flight in 1950 at Edwards AFB, Calif. The test and training versions of the Regu- 
lus are equipped with tricycle landing gear so that the missile may be recovered upon the com- 
pletion of its flight. The missile lands on a runway of average length through the use of a 
parachute-type brake. In its tactical form, the Regulus has no landing gear but carries a power- 
~ warhead. The Regulus was designed for launching from submarines, surface ships, and shore 

ases. 


70 
4 
. 
aww 
a 
ZZ 
=> 
¢ P 
B 
‘ aer 
tu 
It's 
lat 
Res 
les 
( 
+ ne 
n 


AERONAUTICAL 


ENGINEERING 


REVIEW 


JUNE, 


.Goodrick 


First Tubeless Tire 
for combat jets gives 
safer high-speed 


take-offs, landings 


Proved in flight tests on Navy’s Grumman Cougar 


B. F. GOODRICH announces a new 
aeronautical advance—the world’s first 
tubeless airplane tire for military jets. 
It's designed to give safer high-speed 
landings and take-offs, cut weight, 
simplify assembly and maintenance. 

Like the famous B. F. Goodrich Tube- 
less Tire for passenger cars, introduced 
five years ago, the new airplane tire has 
. patented inner lining that’s part of 
the tire itself. There’s no tube to go flat 

no tube to bunch up or shift during 
landings and take-offs. 

Because the inner tube is eliminated, 
the new BFG tubeless airplane tire 
reduces overall weight of aircraft. In- 
stead of the conventional unit of tire 
nd matching tube. there’s only one 


unit to assemble and mount. Only one 
unit to warehouse, too. In addition, 
there’s less checking of inflation pres- 
sure because the special lining retains 
air much longer than conventional 
tubes. Loss of air around the rim is 
prevented by ridges molded on the outer 
side of the tire. 

The new BFG tubeless airplane tire 
has passed the most severe laboratory 
tests, including a special “bottoming” 
test specified by the Navy. It showed 
the tire retains air even though com- 
pressed flat to the rim! The tire went 
on to pass its flight tests on the Grum- 
man Cougar, new Navy jet fighter. 

Another B. F. Goodrich first in avia- 
tion, the new high pressure tubeless tire 


for combat jets is the latest example 
of BFG’s ieadership in rubber research 
and engineering. 

Send this coupon for more informa- 
tion about B. F. Goodrich aeronautical 
products. Check the items; print your 
name and address in the margin below 
(or pin to your company letterhead). 


Pressure Sealing 
| Wheels and Zippers 

Brakes 

De-Icers 

Heated Rubber 

Avtrim 

Plastilock 
Adhesives 


_] Canopy Seals 

Rivnuts 

Hose and other 
accessories 

Please have 
representative call 

Mail to The B. F. Goodrich Co., 

Dept. A-31, Akron, Ohio 
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completed laboratory tests and is now un 
dergoing flight testing. This canopy, 
developed under the sponsorship of the 
USAF Air Research and Development 
Command, is made of two layers of plexi 
glass with a soft vinyl core. Pressure 
tightness is ensured by a rubber seal that 
fits the tongue-and-groove joint between 
the plastic and the metal. The first appli- 
cation by Lockheed of this new canopy is 
planned for the F-94C Starfire jet inter- 
ceptors. An experimental prototype 
of a “stripped-down” fighter, designated 
the XF-104, is to be built under contract 
by Lockheed. The prototype will have a 
straight-wing configuration; the wings, 
however, are to be very thin and relatively 
short in span. The designation of this 
ship, XF-104, is a reassignment of this 
number, its having been given previously 
to a Lockheed interceptor project that was 
cancelled in Phase I. The U.S. Navy 
took delivery on March 11 of its first 
R7V-1 Super Constellation. This 106 
passenger aircraft, which was assigned to 
the Fleet Logistic Air Wing in the At 
lantic, can be converted to an all-cargo 
freighter or a flying ambulance. 

© Marquardt Aircraft Company. .. A new 
engineering division, known as Accessories 
Engineering, with Robert L. Goodyear 
as Chief Engineer, has been established 


The engineering unit that already existed 
has been designated Engine and After 
burner Engineering with John A. Drake, 
MIAS, continuing as Chief Engineer. 
The purpose of this move is to give a more 
independent status to air-borne accessories 
for piloted aircraft and guided missiles 

@ The Glenn L. Martin Company. . . 
Two major personnel changes involve 
William B. Bergen, AFIAS, and Edward 
G. Uhl, MIAS. Mr. Bergen, who was 
formerly Vice-President-Chief Engineer, 
has assumed the post of Vice-President 
Operations. Mr Uhl succeeded Mr 
Bergen as Chief Engineer and was elected 
a Vice-President of the company. Mr 
Uhl was previously Chief Project En 
gineer. 

@ McDonnell Aircraft Corporation. . . 
Development testing of various types of 
jet-propulsion units used to power several 
types of helicopters now under develop 
ment at McDonnell, began last April in 
the recently completed $1,200,000 pro 
pulsion test laboratory located about 1 
mile east of the main McDonnell plant 
In this laboratory, the air is forced through 
two test chambers by two compressors 
that can be run alternately from power 
provided by a 3,000-hp. motor. One of 
relatively high 
pressure low-mass-flow unit, while the 


these compressors is 
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other one will deliver a 13!/o-in.-diamet 
jet of air at near sonic velocity In 
effort to deaden the sound, 12 in. of 1 
inforced concrete and 4 in. of soundproof 
insulation plus a ‘sinusoidal labyrint! 
type of construction was employed 
the sound chambers 


@ Minneapolis - Honeywell Regulator 
Company... A sales and service enginee1 
ing office for Minneapolis-Honey well 

Aeronautical Division was opened or 
April 1 at 108 Cummington Street i 
Boston. A_ similar office was open 

recently in Philadelphia. 

e Northrop Aircraft, Inc. . . . A fourt 

noise-suppression muffler, resembling lon; 
horizontal chimneys, is now being bui 

at the Hawthorne plant as part of th: 
company’s “Project Hush.” Hollow vo 

canic-ash blocks are being used in its cor 

struction. In addition to the four muffler 

used for ground engine operation of con 

pleted airplanes, Northrop has a fift! 
muffler used for quieting test runs of e1 

gines prior to their installation in aircraft 


e Piasecki Helicopter Corporation. 
The formation of Piasecki Internation 
Corporation as a wholly owned subsidiat 
of Piasecki Helicopter Corporation wa 
announced on March 238. The new cor 
poration, formed in Delaware, will pro 
vide service and overhaul arrangements for 
the parent company’s helicopters i 
foreign countries. It will also arrang: 
licensing for the manufacture of Piaseck 
helicopters and parts abroad. Director 
of Piasecki International are: Frank 
Piasecki, FIAS, Chairman of the Boar« 
Don R. Berlin, FIAS; Wesley R. Frysz 
tacki; and Harry S. Pack. Officers of th« 
subsidiary corporation are: Mr. Piaseck 
President; Mr. Frysztacki, Vice-Presiden' 
and Secretary; and Gareth W. Spee 
Treasurer. 


@ Republic Aviation Corporation. 
Because of Republic's growing service 
activity in Europe, two subsidiary con 
panies have been created. These ar 
Republic Aviation Corporation of Franc: 
and Republic Aviation International, 1 
Switzerland 


@ Shell Oil Company. . . The research ai 
fellowship programs established by She! 
in 1950 will be increased by about 15 per 
cent for 1953-1954. This brings the tota 
amount expended on these programs fron 
$155,000 to $177,500. The number ol 
fundamental research grants will increas 
from 12 to 14, with costs rising fro: 
$60,000 to $70,000. The number of 
fellowships will rise from 45 to 48, wit! 
the cost of this program increasing fro 
$95,000 to $107,500. Research grants, of 
5,000 each, are made directly to uni 
versity science departments to aid ther 
in conducting basic research in chemistr) 
chemical engineering, geology, mechanica 
engineering, metallurgy corrosion, physi 

and engineering mechanics. Schools re 
ceiving fundamental research grants 1 
1953-1954 are: California Institute of 
Technology, Carnegie Institute of Tech 
nology, University of Chicago, Harvar 
University, Massachusetts Institute ol 
Technology, Princeton University, Um 
versity of Rochester, Stanford University 
and Yale University. Except for th 
stipulation that the money be used direct] 


| 
| 
The chambered platform extending below the fuselage of this F-86D Sabre and somewhat 
forward of the wings’ leading edge is the rocket firing device that was recently released by the 
Department of Defense from security wraps. This device is a retractable launching pod in 
which 24 Mighty Mouse 2.75-in. rockets are carried. Immediately after the rockets are 
fired, the pod snaps back into the fuselage. The F-86D is now in production at the Los Ange- 
les plant of North American Aviation, Inc. Last November, a North American F-86D, 
carrying a full load of rockets, established a world's speed record of 698.5 m.p.h. 
» 
pe 
vy) 
~ 
= t \ 
| 
} 


ABRONAUTICAL ENGINEERING REVIEW—JUNE, 1953 73 


PRESSURE SWITCHES 


SAFETY-ENGINEERED 


ror SPEED 


AIRCRAFT 


RELIABLE SERVICE is paramount in pressure switch design. 
That’s why rugged, precision-built Manning, Maxwell & 
Moore pressure switches are installed on many aircraft of 
all types today. They conform strictly to aeronautical en- 
gineering performance standards and pass exacting USAF 
specifications. The wide selection available includes these 


basic designs in single pole, double throw types: 


FOR JET ENGINES — High Static pressure gauge or 
differential pressure switches. 

FOR AIRFRAMES — Low Static pressure gauge or dif- 
ferential pressure switches. 


FOR ROCKETS— Hermetically-Sealed High Static pres- 
sure gauge pressure switches. 


All our pressure switches provide flexibility of design that 
permits adaptation to specific needs. We believe our unique 
design technique, years of experience in developing aircraft 


instrumentation, and extensive manufacturing facilities 


can be of real service to you. We are fully equipped to run 
exhaustive environmental and vibration tests in complete 
accord with the requirements for high-speed aircraft. Let 
us know your pressure switch application problems. Our 


| engineering counsel is yours on request. 


MANNING, MAXWELL & MOORE, INC. 


AIRCRAFT PRODUCTS DIVISION + STRATFORD, CONN. 


OUR AIRCRAFT PRODUCTS INCLUDE: TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS * ELECTRONIC AMPLIFIERS 
PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES 
_ THERMOCOUPLES * HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS. 
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pressure sensitivity 


The accurate measurement of pressures is basic in 
many of our aircraft instruments and controls. Our 
expanded activities now cover the four distinct yet 


allied fields of 


Sac AIRCRAFT INSTRUMENTS AND CONTROLS 

wa OPTICAL PARTS AND DEVICES 

we MINIATURE AC MOTORS 

a RADIO COMMUNICATIONS AND 
NAVIGATION EQUIPMENT 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents, are available to scientists seeking solutions to 
instrumentation and control problems. 


ko | | S m qd Nn CORP. 


ELMHURST, NEW YORK + GLENDALE, CALIFORNIA + SUBSIDIARY OF Standard COIL PRODUCTS CO.. INC 
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for fundamental research in the field desig 
nated, Shell places no restrictions on publi 
cation of research results or on the way 
that the money is spent. The Shell 
Fellowship Program is designed to help 
outstanding graduate students obtain ad 
vanced degrees in the fields of chemistr 
chemical engineering, geology, geophysics 
mechanical engineering, petroleum pro 
duction engineering, physics, and plant 
science. Shell fellows are selected by their 
colleges or universities; each one ré 
ceives a stipend of $1,500 a year plus 
payment of tuition and fees. The school 
receives $400 for related research ex 
penses of the fellow. Preference is given 
to candidates in their last year of doctor 
ate study; however, awards may be made 
to other graduate students. The fellows 
are under no obligation to Shell. Both 
of the programs, research and fellowship, 
are administered by the Shell Fellowship 
Committee, made up of senior executives 
representing Shell Oil Company, Shell 
Chemical Corporation, Shell Development 
Company, and Shell Pipe Line Cor 
poration. 


Simmonds Aerocessories, Inc. . . . 
Complete operation and service manuals 
that describe the Simmonds Pacitron 
fuel-gage system with which the Lock- 
heed Super Constellation is equipped are 
being distributed to those air lines that 
will take delivery on this transport 
This manual includes a large visual-aid 
wall chart that diagrams the entire fuel 
gage system of the plane... . A 4-page 
illustrated article entitled ‘How to Design 
Push-Pull Control Systems,’”’ which ap 
peared recently in a national trade maga 
zine, has been reprinted and is now avail 
able from Simmonds. The data con 
tained in the article were obtained orig 
inally from Simmonds. 


e Sperry Gyroscope Company, Division 
of The Sperry Corporation, and Lockheed 
Aircraft Corporation. . . According to a 
recent announcement, two QF-80 drone: 
the pilotless version of the Lockheed F-80 
Shooting Star, were used to fly anesthe 
tized mice and monkeys, for biomedical 
purposes, through radioactive clouds re 
sulting from the April 6 detonation of an 
atomic device at Yucca Flat, Nev. Thes¢ 
aircraft were equipped with a_ robot 
control system, designed and produced 
by Sperry. The vital element in this 
system is the Sperry E-4 autopilot 
The Sperry system enables “NULLO 
flight by the QF-80 under direction by 
radio and radar from the beep-box con 
trol signals of two ground stations, worked 
by specially trained “beep pilots,” or from 
nearby ‘director’ aircraft. One of these 
QF-80’s was guided through the radio 
active cloud at a predetermined time after 
the detonation; the second one passed 
through the cloud about 2 min. later 


e Thompson Products, Inc. . . . At 

recent meeting of the Board of Director 

Frederick C. Crawford was elected Chait 
man of the Board, and John David Wright 
was elected to succeed Mr. Crawford a 
President. This is the first time in th 
52-year history of the company that th: 
post of Board Chairman has been for 
mally filled. Mr. Crawford has presided 
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at board meetings since he became Presi- 
dent of the corporation after the death 
in 1933 of Charles E. Thompson, one of 
the company’s founders. Prior to this 
double move, which is intended to meet the 
company’s recent growth and strengthen 
policy and planning functions, Mr. Wright 
was serving as Vice-President and General 
Manager. 


e Vickers, Inc. . . Brochure A-5206, 
which describes Vickers’ line of 34 stand- 
ard sizes of Fixed Displacement Hydraulic 
Pumps, has been prepared for distri- 
bution. It is available by writing to the 
corporation 


IAS NEWS 


e@ Westinghouse Electric Corporation. . . 
An 8-oz. spot heater, which keeps func- 
tioning those aircraft instruments exposed 
to subzero temperatures, is now available. 
The resistance element heater has a rating 
of 100 watts and operates on 28 volts d.c. 
Electrical connectors consist of double-nut 
terminals with the negative terminal 
grounded to the case. .. The final 
$50,000,000 on a $300,000,000 credit 
established by a group of institutional 
investors in November, 1951, has been 
borrowed. The full amount was borrowed 
to finance the company’s expansion pro- 
gram and to provide necessary working 
capital for an increased volume of business 


IAS Sections 


Atlanta Section 
Edith Hall Lively, Secretary 


Che dinner meeting of February 11 
was held in the Georgia Tech dining hall. 
Chairman George Baughman held a 
brief business meeting. 

The evening’s program was begun 
with the showing of a film on the Air 
Force Missile Test Center, Patrick 
AFB, Cocoa, Fla. This was followed by 
the main feature of the program which 
was a six-man panel on the subject, 
‘New Research Developments in Aero 
nautical Science.’ The participants 
were: W. B. Wrigley, Dr. Richard G. 
Fleddermann, H. W. S. LaVier, R. P. 
Della-Vedowa, D. A. Webster, and D. 
W. Drake. Mr. Wrigley, Dr. Fledder 
mann, and Mr. LaVier are with Georgia 
Institute of Technology, while Messrs. 
Della-Vedowa, Webster, and Drake are 
with Lockheed Aircraft Corporation’s 
Georgia Division. 

Dr. Fleddermann, the first speaker, 
dealt with “Turbulent Flow.’ He 
touched upon its production, diffusion, 
and dissipation. 

In Mr. Webster's discussion of “Anti 
Icing Development,”’ he told how icing 
can be prevented or can be melted after 
forming. He gave various methods 
used during World War IJ and men- 
tioned new experiments now under way 
at Lockheed in California, 

Mr. LaVier’s subject was ‘Para 
chutes.”’ He gave their history from 
1913 through to the present time. 
He told of the various forms and ma- 
terials which have been used and stated 
that Georgia Tech’s Textile Depart- 
nent is experimenting in an effort to 
produce a stronger and better material 
for use in their construction. 

Mr. Della-Vedowa added interest to 
the film shown earlier with his exposi- 
tion on ‘“Development in Guided Missile 
Work.”” He described the effect of 
high-speed flight on operational tem- 
peratures and the resulting effects of 


these high temperatures on various ma- 
terials. A minimum of bulk with maxi 
mum strength is essential in aircraft 
material. Titanium is one subject for 
experimentation in this regard. Plas- 
tics, plastic foam, and thin ceramic 
coverings are proving useful. 

Mr. Wrigley dealt with ‘Radar and 
Electronics’’ and discussed certain ex 
periments at Georgia Tech concerning 
ground radar. He told of the successful 
development by different companies of 
cheaper and smaller electronic equip 
ment for planes in the communication, 
navigation, and fire-control systems. 
He gave examples of the sizes and prices 
of competing manufacturers. 

Mr. Drake, the final speaker, dis- 
cussed “Structural Research.” He 
cited the never-ending effort to do more 
with less material, which requires ex- 
tensive research on new materials and 
new methods. He gave as an example 
the 15-year experimentation with tita 
nium and various steel alloys. Com 
puting machines, he said, greatly facili 
tate analysis. 

An open discussion completed the 
evening’s program. 


Boston Section 
E. A. McBride, Secretary 


The March 2 meeting was held in the 
Measurements Laboratory Auditorium 
of the General Electric Company at 
West Lynn, Mass., and was devoted to 
the subject of ‘Helicopter Power Plants 
and Performance Possibilities.” Ap 
proximately 175 members and guests 
attended the meeting. 

The meeting was opened by Chairman 
R. L. Bisplinghoff, who introduced the 
speaker, Rene H. Miller, Vice-President 
—Engineering, Kaman Aircraft Cor 
poration, Windsor Locks, Conn. Mr. 
Miller described briefly the three types 
of helicopters: (1) general utility; (2) 
crane, and (3) convertaplane. He then 
made some interesting comparisons of the 
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reciprocating, gas-turbine, and ram-jet 
engines, giving some advantages and 
disadvantages of all three. In general, 
he indicated that the gas-turbine en 
gine showed considerable promise de- 
spite its specific fuel consumption. 
For flights of longer duration the gas- 
turbine engine becomes competitive, 
has good hovering performance upon 
landing (less fuel weight), is compact, 
and can be located above passengers 
in commercial planes; certainly its noise 
level is much lower. He demonstrated 
the noise characteristics clearly by show- 
ing a color film of the flight tests of the 
gas-turbine-powered helicopter. 


Following his talk, a general discus 
sion and question period took place. 
At the close of the meeting, some 
General Electric Aircraft Data Charts 
were distributed, and the audience was 
invited to tour the Exhibit Room, 
containing exhibits of aircraft instru 
ments and an accessory gas turbine. 
The meeting was then adjourned. 


Buffalo Section 
George B. Melrose, Jr., Secretary 


Robert M. Stanley, President of the 
Stanley Aviation Corporation, was the 
guest speaker at the February 11 meet 
ing of the Buffalo Section. His talk 
was entitled ‘Ten Years of Jet Aviation 
Progress.”’ The program chairman for 
the meeting was Max Bleck. An at 
tentive audience of approximately 85 
members and guests was present. 


The first United States jet aircraft 
flight took place on October 1, 1941. 
Since that time, many changes in air 
craft and their abilities have taken 
place. In his address, Mr. Stanley 
noted many of the accomplishments 
attained through the use of jet engines 
and the major problems that currently 
exist. The 75 per cent increase in 
airplane maximum speeds is a tribute 
to the use of jet engines, he declared 
He further stated that the reliability of 
turbojets is generally good—as evi 
denced by the increase from 3 hours to 
over 300 hours between engine inspec 
tions in the 10-year period. The funda 
mental limitation of the turbojet air 
plane is that it is a relatively high 
altitude machine, attaining high range 
by flying near the service ceiling. Mr 
Stanley expressed the opinion that 
improved fuel economy awaits metal 
lurgical developments and that better 
bail-out methods must be sought. 
The first supersonic airplane was the 
rocket-powered Bell X-1. The sonic 
barrier, he noted, is now recognized as a 
figure of speech and is not a real limit 
to flight. The turboprop is the most 
promising future engine, and Mr 
Stanley looks forward to its rapid d« 
velopment. 
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of failure! 


As airplane performance improves, 
and components become more 
reliable, it is evident that these 
advancements have been accom- 
plished by reducing or eliminating 
chances of failure. In this quest 

to remove all possibility of failure, 
Meletron has been an active 
participant. Today our instruments 
are accepted by every major 
aircraft manufacturer 


950 NORTH HIGHLAND AVENUE, LOS ANGELES 38, CALIFORNIA 


J. M. WALTHEW CO., Boeing Field, Seattle. THOMSON 


ENGINEERING SERVICE, 708 Hemphill St., Fort Worth 
and 732 So. Broadway, Wichita. ROUSSEAU CONTROLS 
Ltd., Montreal Airport, Dorval, Canada. W. M. HICKS 
G J. A. KEENETH, 29-27 Forty-first Avenue, Long Island 
City, New York. JOSEPH C. SORAGHAN G&G ASSOCI- 
ATES, 1612 Eye St., Northwest, Washington 6, D.C. 


There is available today, from 
this single source, a pressure 
actuated switch for every 
requirement from zero absolute 
to 12,000 psi gauge. 
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The speaker closed his interesting 
talk with the expression of his personal 
point of view of the U.S. guided missil 
program. The goals for which we ar¢ 
striving are far too advanced, M1 
Stanley declared. Steady progressio1 
in smal] steps would be more desirable 
The lengthy missile programs have re 
sulted in the inefficient stockpiling of 
man power and have attracted the 
“Jong-hair”’ type rather than the “doer 
He proposed the development of sery 
ice quantities of more elementary 
missiles with gradual improvements to 
attain the Utopian design that is now 
being sought. 


The talk was followed by a discussion 
period and the General Electric Com 
pany’s film, Jet Story, which provided 
an appropriate ending for the meeting 


Chicago Section 
Charles L. Bonnette, Secretary 


On March 12, approximately 135 
members of the Chicago Section and 
Student Members from the surrounding 
area attended a meeting at the Museum 
of Seience and Industry in Chicago 
Phe arrangements and the securing of 
the speakers were efficiently handled by 
the Student Members of the Aero 
nautical University and University of 
Illinois, Navy Pier Branch. Also in 
attendance were members of the Siudent 
branches of Illiniois Institute of Tech 
nology and University of Notre Dame 


At 6:30 p.an., a dinner was served 
in the Museum’s cafeteria. At 7:30 
p.m., the meeting was called to order by 
Dr. H. L. Hull, Chairman of the Chicago 
Section. Lyman H. Welliver, Chair 
man of the Student Program Committee 
outlined the program for the evening 
and monitored the ensuing discussion 
Speakers for the evening were intro 
duced by James Piechocki, Wallace 
Hahn, Philip Peyer, and Ralph Flentge 
all members of the Student Program 
Committee. 


A series of technical papers was pre 
sented outlining the ‘‘Recent Design 
Developments” of modern-day 
craft. Each paper was highly interest 
ing, the subject and the deliverer being 
as follows: 

Guided Missiles—Lt. Col. F. W 
Campbell, USAF, Assistant for Guided 
Missiles, Armament Division, Washing 
ton, D.C. 

Power Plants —This paper was pre 
pared by R. M, Hazen, Director of 
Engineering, Allison Division, General 
Motors Corporation. Because of Mr 
Hazen’s absence, his paper was capably 
presented by H. M. Broffitt, also of 
Allison 


Air Frames--L. M. Weeks, Chief oi 
Stress, McDonnell Aircraft Company 
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Wherever planes fly high you can count on 
Hyco-Span cables for reliable control 


@ Control cables on high-flying mod- 
ern airplanes must operate smoothly 
and accurately no matter how cold it 
gets. Hyco-Span cables do, because 
they have an exceptionally high co- 
efficient of thermal expansion. This 
coefficient is 50% higher than that 


COMPARATIVE THERMAL EXPANSION CHARACTERISTICS 


AIRCRAFT CABLE ALLOYS RELATIVE TO 24S ALUMINUM AIRFRAME 


245-7 ALUMINUM ALLOY = 214 X 10° FROM —60°C 
TO +20°C (LOW RANGE BASE = 100° 23.2 x 16° "/4/9¢ 


FROM +20° TO 100°F (HIGH RANGE BASE = 1009 
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TEMP. RANGE — LOW HIGH LOW HIGH 
CABLE ALLOY ~ HIGH REG. CORROSION HYCO.SPAN 
CARBON RESISTING CORROSION 
STEEL STEEL RESISTING 
(TYPE 304 STEEL 
STAINLESS 


NOTE; LOW RANGE BASED ON TESTS =50° TO +25° C 
HIGH RANGE BASED ON TESTS +25° TO +90° C 


of high carbon steel . . . 30% higher 
than that of stainless steel! Hyco- 
Span cables come closer to matching 
the expansion and contraction of alu- 
minum alloy air frames than any other 
type of cable. This eliminates the 
need for temperature compensating 
devices on most planes. 

Hyco-Span cables are non-mag- 
netic too. This means they won’t 


throw electrical instruments out of 
calibration as some types of cable do. 

Hyco-Span cables give extremely 
long service in any climate because 
they are corrosion resistant and be- 
cause they can be operated at re- 
duced tension loads. 

We will be glad to send you com- 
plete information about Hyco-Span 
cables. Just send the coupon. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION 
GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Address 


US'S American HYCO-SPAN Aircraft Cables 


American Steel & Wire 
Room 842, Rockefeller Bldg., Cleveland 13, Ohio 


Please send me the Summary Engineering Report 
which gives complete details on Hyco-Span Aircraft 
Control Cables. 
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AMBLER PENNA. 


Technical Service Data Sheet 


Subject: PROTECTING ALUMINUM WITH ALODINE 


AMERICAN CHEMICAL, Pains: 


CHEMICALS 


PROCESSES 


ALODIZING IS EASY AND EFFECTIVE 


The Alodizing process is a chemical one and does not require electrolytic 
techniques or equipment. Alodizing is simple, foolproof, low in cost, and requires 
a minimum of equipment. Essentially, the process consists of the following easily 
controlled operations or steps: 

1. Cleaning the work 

2. Rinsing the cleaned 
aluminum surfaces 

3. Coating with “Alodine” 

After treatments. Alodized aluminum provides an ideal bonding surface for 
paint, wax, adhesive, or other organic finishes. These should be applied in 
accordance with the manufacturer’s directions. Unpainted or exposed areas will 
be protected by the tough, durable “Alodine” surface. 


4. Rinsing with clean water 
5. Rinsing with acidulated water 
6. Drying 


SHORT 
COATING 
TIMES AND 
LOW BATH 
TEMPERATURES 


With the “Alodine” 
bath at its normal 
temperature of 120° 
F., coating time by im- 
mersion approximates 
114 minutes and by 
spraying, 15 to 20 sec- 


Flight of the Chance Vought Cutlass, seventh in a line of } : 
outstanding fighters and “potentially capable” of flying onds. Coating times 


faster than any other service type jet aircraft in produc- 
tion, land or carrier-based. Substantial surface areas of 
the Cutlass are constructed of painted Alodized aluminum. 


and bath temperatures 
can be varied to suit 
operating conditions. 


“ALODINE” MEETS SERVICE SPECIFICATIONS 


“Alodine” applied by immersion or spray complies with the rigid performance 
requirements of both industrial and Government specifications. The following 
is a list of Service Specifications which “Alodine” meets at the present time. 


MIL-C-5541 U. S. Navord O.S. 675 
MIL-S-5002 AN-C-170 (See MIL-C-5541) 
AN-F-20 U.S.A. 72-53 (See AN-F-20) 


16E4 (SHIPS) 
“ALODINE” HAS UNLIMITED APPLICATIONS 


Parts can be treated by immersion, by spraying in an industrial washing 
machine, by flow coating, or by brushing. This means that “Alodine” can be 
used anywhere, on any part or product made of aluminum. This had led to 
widespread use of the Alodizing process: 1. by fabricators of aluminum products 
in all industries to assure the utmost in product protection and finish durability; 
2. by manufacturers of aluminum who are supplying Alodized aluminum sheets 
and coils from the mills. 

In general, small size products or parts are processed rapidly and conveniently 
in immersion equpiment, which can be mechanized if production volume justifies 
it. For large production of formed parts, or for Alodizing coiled stock, strip, or 
cut-to-size sheets, a five-stage power spray washer is most convenient. Airplanes, 
trucks, trailers, housing, railway cars, bridges and other large units are Alodized 
in a simple brush-on or flow-coat process. 


WRITE FOR FURTHER INFORMATION ON “ALODINE” AND ON 
YOUR OWN ALUMINUM PROTECTION PROBLEMS. 
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Pilot Evaluation —Col. B. 8. Presto1 
USAF, Vice-Commander, 4706 De 
fense Wing, O’Hare International Air 
port. 

The first three papers that were pre 
sented dealt with recent developments 
in each of the respective fields. Each 
paper clearly outlined the history 
recent designs, and reasons for such 
designs and was received with intense 
interest by the audience. Colonel 
Preston, a jet pilot recently returned 
from Korea, then presented a_ pilot 
evaluation of each paper. Colonel 
Preston has flown 102 missions and is 
credited with destroying four MIG’s 
and damaging four others. He de 
picted the pilot’s point of view and opin 
ions of the previously outlined de 
velopments. 

The meeting was concluded by a 
panel discussion involving an active 
question and answer session. 


Hagerstown Section 
Henry F. Weisenburger, Secretary 


rhe January 27 meeting, with 30 
members and guests present, was held 
in the Terrace Restaurant, Hagerstown 
Md. Chairman Henry Billings pre 
sided at the meeting. Robert Darby, 
Program Chairman, introduced the 
speaker of the evening, Raymond 
Young, the author of Helicopter En 
gineering who was formerly with the 
USN Bureau of Aeronautics and is now 
with Hiller Helicopters. Mr. Young's 
subject was “Elements of Helicopter 
Design. 

In his lecture, Mr. Young described 
the history of rotary-wing aircraft 
through the first successful flights of 
the Takker in Germany in 1937 and 
1939. His talk was concerned with 
present American manufacturers and 
each of their products. He then illus 
trated his talk with blackboard sketches 
of cycle pitch and methods of control 
pilot’s control of the aircraft, design 
considerations of rotors and mechanisms 
practical design limits, and the future 
possibilities 

Two films were shown. One was 
on the Hiller Hornet, and the other 
was about the application of the heli 
copter in Korea. Mr. Young supplied a 
running commentary on the pictures 
> On February 24, 41 members and 
guests met in the Terrace Restaurant to 
hear Walter Tydon, Chief Engineer of 
the Fairchild Aircraft Division, Fair- 
child Engine and Airplane Corporation 
present a paper on ‘Military Air 
Cargo Carrier Trends.” Chairman 
Billings presided. 

After being introduced by Program 
Chairman Darby, Mr. Tydon discussed 
operation trends as they affect com 
ponent and system designs. The fuse 
lage design, with its trend toward high 
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wing, is being more and more influenced 
by larger units of cargo. Advanced 
hase operation, the speaker said, has 
also had a marked influence on cargo 
types with its requirements for low 
take-off and landing distances, low 
speed stability and control, rough-field 
year, simplified loading, and need for 
lower turn-around-time. With these 
have come many accepted features, Mr. 
Young continued, such as cockpit emer- 
gency egress hatches, external fuel with 
its advantages of safety, wide c.g., cargo 
range, ease of refueling, service and re 
pair, and structural requirements for 
crash landings. 


Los Angeles Section 
Harold S. Fischer, Secretary 


“Improvement of Laminated Trans 
parent Plastics for Aircraft Glazing"’ 
was discussed by Johan Bjorksten, 
President, Bjorksten Research Labora 
tories, Madison, Wis., at a Specialist 
Meeting held on March 12 at the IAS 
Los Angeles building. Mr. Bjorksten 
discussed the development of an acrylic 
silane interlayer that does not attack 
the base material and which remains 
clear under exposure to high tempera 
ture. 
pe On March 19, the monthly dinner 
meeting, arranged by the Los Angeles 
Historical Associates, featured an enter- 
taining talk by William B. Stout, emi- 
nent pioneer in the field of aeronautics, 
on the subject, ‘“Trends in Airplane De- 
sign—Are We Heading the Right Way?”’ 
Over 300 persons attended. Introduc- 
tion of the speaker was performed by 
Comdr. G. O. Noville, USN (Ret.), who 
was Executive Officer on Admiral 
Byrd’s antarctic expeditions. Among 
the prominent guests introduced to the 
audience were transoceanic fliers Ruth 
Elder and Frank Courtney (HA) and 
Brig. Gen. F. P. Lahm (Ret.), early 
flying student of the Wright brothers. 
Mr. Stout related incidents in his rich 
and varied experience, including his de 
velopment of early airplanes for the 
Navy and his association with Ford 
Motor Company. He organized some 
of the early model-airplane clubs where 
some lessons of airplane design were 
learned economically. His classic ad- 
vice to aircraft designers, “‘Simplicate 
and Add More Lightness,”’ is as applica- 
ble today as when he first offered it 
more than 20 years ago. 
> At a Specialist Meeting held on 
March 26, “Some Basic Concepts for 
Analyzing Dynamic Flight Test Data’’ 
were discussed by Harold Klein, Aero 
dynamics Engineer, Santa Monica Divi 
sion, Douglas Aircraft Company, Inc. 
Mr. Klein discussed the problem of find- 
ing, through the use of observed data, 
the coefficients of the differential equa- 
tions that describe a dynamic system. 
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IAS NEWS 


DUMMY RECEPTACLE 
NO. 2182 


ANGLE 90° JUNCTION SHELL NO. 2245 


Here is the answer to a frequent question we 
receive from people everywhere. Yes, Cannon 
does make a complete line of accessories to be 
used in conjunction with the AN Series of con- 
nectors. Complete engineering data on each of 
these is given in the Cannon AN Bulletin, avail- 
able on request. 


CANNON ELECTRIC 
Since 1915 


Factories in Los Angeles, Toronto, New Haven, Benton Harbor. Rep- 
resentatives in principal cities. Address inquiries to Cannon Electric 
Company, Dept. F-105,P. O. Box 75, Lincoln Heights Station, Los 
Angeles 31, California. 


CANNON 
ELECTRIC 


ACCESSORIES 
for the “AN” Series 
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PRATT « WHITNEY 
AIRCRAFT 


SAYS 40 10 WITH 
ISC ‘SOUNDMETAL' INSTALLATIONS 


Pratt & Whitney Aircraft Division of United Aircraft Corporation 
knows the threat of excessive noise to plant efficiency and community 
relations. Its program of noise control for its test cells and laboratory 
facilities is known throughout the industry as one of the most progres- 
sive and comprehensive ever undertaken. INDUSTRIAL SOUND 
CONTROL, INC., is proud of the fact that it has contributed to this 
program — and is now converting some of P&WA’s older reciprocating 
test cells to withstand the high gas velocities and temperatures of the 
new jets. 

Since 1936, ISC has led the field in quieting the aircraft industry. 
ISC has the skilled engineering, design and installation “know how,” 
years of —its no wonder the 


: 


Write ISC today! 


@ Cementation (Muffelite) Limited 
@ Les Travaux Souterrains, 


S ound \\ontrol Inc. 


45 Granby Street, Hartford 2, Conn. 


2119 SO. SEPULVEDA BLVD., Los ANGELES, CALIF 


London 


FOREIGN LICENSEES: 


Paris 


VIEW 


2952 


Chis problem occurs in the determina 
tion of the aerodynamic stability de 
rivatives of an airplane or missile fron 
flight-test data. 

> The Angeles Section of the [AS 


Los 


was a cosponsor of the Western Metal 


Congress and Exposition, the largest 
display of its kind ever held on_ the 


Pacific Coast, on March 23-27 


Montreal Section 
B. J. 


Kaganoy, Secretary 


The meeting of March 16 was held at 
the RCAF 401 Fighter Squadron Mess 
A. E. Ades, Assistant Director « 
Engineering, Trans Canada Airlines 
introduced A. D. Jackson, Project 
Engineer, Rolls-Royce Engine Com 
pany, of England, who gave a talk on 
the Dart turboprop engine. 

Mr. Jackson described the early pit 
falls in the development and historically 
traced through the design of the engine 


His talk was augmented with slides 
showing sectional breakdowns and 
assembly drawings of the engine. Since 


this engine the 
actual 


first turboprop in 
with a commercial air 
line, the talk was of prime interest to the 


service 


gathering of approximately 75 engi 
neers who represented airplane and 
engine manufacturers and air lines 


The Dart powers the Vickers Viscount 
used by British European Airways and 
will soon be in service with TCA. 

The speaker was thanked by E. H 
Higgins, Sectional Chairman. Mr. Hig 
gins announced that the April meeting 
will be cosponsored by the local Sections 
of the SAE and IAS. It will be a dinner 
meeting and will have as guest speaker, 
Air Vice-Marshall Miller, Vice-Chief of 
Staff, Roval Canadian Air Force 


New York Section 


Charles ‘Tilgner, Jr. 
Secretary-Treasurer 


In spite of the normal rainy weather 
85 members attended the April 7 joint 
meeting of the New York Sections of the 
IAS and IRE. ‘The meeting was held 
at the Engineering Societies Building in 
New York 

Program chairman Hartlett opened 


the meeting and introduced Capt 
Arthur F. Van Dyck, USNR, Staff 


Assistant to the Vice-President and 
Fechnical Director, Radio Corporation 
of America. Captain Van Dyck spoke 
Avia 
Throughout his talk 
he emphasized the need for greater re 


on ‘Some Practical Problems in 


tion Electronics.” 


liability. He listed several possibilities 
for improving future designs and also 
made some detail suggestions. He 


closed with the warning that, regardless 
of anything must have 
Tress, 


else, we prog 
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Greater output per pound is the constant objective 
of the aircraft designer. EEMCO serves this goal 
by turning out new electric motors with increased 
power, decreased weight and all the required oper- 
ating characteristics. This tough new lightweight 
for driving a compressor was built to the latest 
Army and Navy specifications. Operating on 27 
volts D.C., it provides 3 horsepower under con- 
tinuous duty at sea level, 214 h.p. at 50,000 feet 
with duty cycle of % hour on—'% hour off. It 
weighs only 1314 pounds with integral gear box of 


234 to 1 reduction. 


Doubled plant capacity and new facilities enable 
EEMCO to keep pace with the growing need for 
these specialized designs. Today EEMCO motors 
and actuators are found on virtually all U. S. 
Aircraft. 


ELECTRICAL ENGINEERING 
& MANUFACTURING CORP. 


4612 West Jefferson Boulevard 
Los Angeles 16, California 
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LIGHTWEIGHT 


High Pressure Transmitters 


Giannini pressure transmitters accurately 
translate pressure into proportional elec- 
trical signals of relatively high power — 
signals, that require little or no amplifica- 
tion for utilization. These high pressure 
transmitters incorporate a unique, direct- 
coupling arrangement between bourdon 
tube and potentiometer element which 
obtains movement amplification without 
the use of gearing or linkage, thus giving 
high sensitivity, repeatability, and low 
hysteresis. Specific models are available 
for operation under either normal or 
extreme conditions of vibration and 


acceleration. 


Models also available for low pressure 


and high altitude applications. 


Standard Resistance 2,000 ohms. * For 
For specific values of linearities, resolution, repeatability and hysteresis, write 


for bulletins. 


‘Giannin 


G. M. GIANNINI & CO., INC. 


0-6500 psig 


MODEL WEIGHT GAGE ABSOLUTE DIFFERENTIAL 
0-100 psig 15-100 psia 0-100 psid 
* 46129 0.75 Ibs. up to up to up to 
0-600 psig 15-600 psia 0-600 psid 
0-100 psig 0-100 psia 0-100 psid 
46118 0.3 Ibs. up to up to up to 
0-6500 psig 0-500 psia 0-600 psid 
0-100 psig 0-100 psia 0-100 psid 
* 46119 0.6 Ibs. up to to to 
0-6000 psig 0-600 psia 0-600 psid 
6-100 psig 
46139 0.75 Ibs. up to NONE NONE 


Corrosive Media 


INSTRUMENTS 


CONT 


ROLS 


PASADENA 1, CALIF. EAST ORANGE. NEW JERSEY 
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Colonel Norman L. Winter, USAFR 
Manager of Air Force Contracts for 
Spetry Gyroscope Company, Division of 
The Sperry Corporation, was introduced 
next. His topic was “The Commor 
System of Air Traffic Control and 
Navigation,” and he explained that 
most of what he would cover was in 
cluded in a book recently issued by the 
Radio Technical Committee for Aero 
nautics. Rapid progress has been mad« 
since World War II, and, while this is 
only a transition system, the ultimate 
system is now in the hands of the Ain 
Navigation Board. 

After a brief question and answe1 
period, the meeting closed with thank+ 
to the speakers and the conimittee 


Seattle Section 
Alvin J. Jarvis, Secretary 


the February 19 meeting of the 
Seattle Section was held at the Sand 
Point Naval Air Station. Approxi 
mately 70 members and guests turned 
out to hear an interesting informal dis 
cussion on helicopter design problems. 

Beginning his talk with a historical 
sketch of helicopter development, Dr 
Hohenemser, guest speaker, progressed 
to the inherent problems of stability and 
resonance. Dr. Hohenemser indicated 
the stage of helicopter development as 
compared to fixed-wing design by point 
ing out the multiplicity of helicopter 
configurations as compared to fixed 
wing configurations. 

The advantages and disadvantages ot 
single and multirotor, of side-by-side 
outrigger and intermeshing, of coaxial 
and tandem designs were discussed at 
some length with reference to the con 
trol problems involved. 

Dr. Hohenemser, born in Berlin 
Germany, obtained his M.S. degree in 
Mechanical Engineering and his Ph.D 
in Mathematics and Science in Darm 
stadt. He worked with Ludwig Prandtl 
in Gottingen and as Aeronautical Engi 
neer and Consultant to the Fiesler Air 
craft Corporation in Kassel the 
Flettner Aircraft Corporation in Berlin 
before coming to this country. From 
1947 to the present, he has been Chief oi 
Aerodynamics, Helicopter Division, Mc 
Donnell Aircraft Corporation, St. Louis 

Dr. Hohenemser punctuated the dis 
cussion with his dry humor, drawing on 
his extensive rotary-wing background 

After the discussion, a Shell Oil Com 
pany film, History of the Helicopter, was 
shown. The program finished with ques 
tions from the audience which Dr 
Hohenemser answered. 


The meeting was further honored by 
the presence of Capt. Cecil Gill, Com 
manding Officer, Sand Point Naval Au 
Station, who took an active part in the 
questioning with respect to the future ot 
military helicopters. 
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Texas Section 
Howard F. Marx, Secretary 


Cliton Younie, Chief Engineer, 
Kraniff International Airways, spoke on 
Air-Line Operation’’ at the February 
4 meeting of the Texas Section. He 
wrought into sharp contrast the roles of 
the aircraft manufacturer and the air 
line operator. The former may sell 
many types of aircraft and aircraft 
products; the latter has only one item 
to sell 

The Engineering Department of an 
ur line is charged with the responsibility 
4 ensuring that all aircraft are safe for 
flight. It must perform two types of 
maintenance functions, line maintenance 
ind overhaul. Braniff’s maintenance 
crews from Chicago to Buenos Aires per 
form routine checks and trouble shoot 
ing in the field. The overhaul personnel 
repair faulty units sent in by line 
inaintenance units and accomplish major 
urplane overhauls and modifications. 
\ll aircraft must be completely over 
hauled every 10,000 to 15,000 hours (3 
to 4 years). This may be done in a 
single operation or in a series of opera 
tions so that the airplane and all its 
components are placed in “as new” 
condition in every 10,000-hour cycle. 
In addition to maintenance, the Engi 
neering Department installs passenger 
comfort items and new navigational 
equipment, provides loading and engine 
power information for operating per 
sonnel, maintains liaison between the 
iir line and the CAA relative to Govern 
ment safety provisions. 


service. 


“The trouble occurs in trying to fly 
large aircraft designed for large airfields 
into small airfields,’ said Mr. Younie 
He described the problem Braniff faced 
in operating four-engined DC-4 air 
planes from La Paz, Bolivia. Because 
all aircraft flying to Buenos Aires have 
to land and take off from La Paz, which 
is 12,500 ft. above sea level, the maxi 
mum passenger pay load over the whole 
route was determined by conditions 
existing at La Paz. Ordinary opera 
tions of twin-engined C-47 type aircraft 
required a reduction in pay load from a 
norm of 21 passengers to 11 passengers. 
In applying CAA safety requirements 
for engine failure on take-off to the 
faster DC-4 aircraft, Mr. Younie found 
that only six passengers could be carried 
in a four-engined aircraft. 

The answer was JATO. In _ proof 
tests for the CAA at La Paz, Braniff 
used 16 JATO units of 200-Ibs. thrust 
each to replace, in an emergency, the 
loss of thrust due to failure of one engine 
at the critical point in the take-off run. 
The successful demonstration of the 
emergency JATO operations enabled 
the thrust from all four reciprocating 
engines to be used in calculating the 
limit pay load. As a result, Braniff 
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was able to carry 28 passengers into and 
out of La Paz using DC-4 aircraft. 
And the problem was solved! 

In discussing the immediate future of 
jet transports, Mr. Younie stated that 
he believed them to be impractical for 
ordinary domestic flights but that his 
company would probably be forced to 
use jets for South American runs where 
the flying time can be reduced consider 
ably. He predicted the future jet 
transport specifications would be as 
follows: weight, 219,000 Ibs.; 
cruising speed, 560 m.p.h.; 


gTOss 
cruising 
altitude, 40,000 ft.; and passenger load, 
60 to 65 first class and 100 to 105 air 
coach. 

Color tilms of the tests at La Paz 
were shown, and an informal question 
period was held before the meeting was 
adjourned. 
p> The success story of Ted R. Smith, 
Vice-President of Aero Design and 
Engineering Corporation, attracted 
Texas Section members in force to the 
March 6 dinner meeting at the Western 
Hills Hotel. 
narrative of how a group of industrious 
engineers—long on courage and ability 
but short, initially, on capital—pio 
neered in the design of a new type ex 
ecutive transport, how they financed its 
manufacture, and how they founded the 
promising Aero Design and Engineering 
Company of Oklahoma City. 


They heard a fascinating 


“Tt was believed that most businesses 
during the war had learned the value of 
air transportation in their operations,”’ 
said Mr. Smith. ‘They had seen and 
realized that this new convenience pro 
vided fast accurate transportation for 
their goods and personnel. The basic 
thought at Aero Design was to provide a 
new airplane specifically: for business 
an aircraft of high performance and good 
load-carrying ability and one that 
would provide the same level of safety 
and performance found in the DC-3.” 

The company started in 1944 with 
eight persons who were experienced in 
all phases of aeronautical engineering 
and who were determined to do some 
thing ‘‘on their own.’ They worked 
evenings, Saturdays, Sundays—when 
ever they had spare time. In building 
the prototype, production workers ac 
cepted stock in the company in payment 
of their services. On April 23, 1948, the 
prototype flew for the first time. In 
producing the prototype, 25,000 engi 
neering man-hours, 20,000 production 
man-hours, and $125,000 were expended. 

The problems of financing production, 
certificating the airplane, and producing 
it in quantity were reviewed in detail by 
Mr. Smith. The company now em 
ploys approximately 600 persons and 
produces nine Aero Commanders per 
month. 

Before. the meeting, Mr. Smith con 
ducted several demonstration flights in 
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the Aero Commander for officials of the 
Texas Section. IAS member-pilots, 
who took the wheel of the airplane, were 
favorably impressed. 

Everyone agreed that Ted Smith’s 
visit proved to be interesting, informa 
tive, and a great deal of fun. 


Washington Section 
Capt. Paul J. Burr, USN, Secretary 


A meeting was held on March 3 on the 
subject of delta-wing research through 
visualization of three-dimensional flow 
patterns and  boundary-layer-control 
application to aircraft. Rear Adm. 
Lloyd Harrison, Deputy and Assistant 
Chief, Navy Department, Bureau of 
Aeronautics, introduced the two speak- 
ers of the evening: Dr. Alexander 
Lippisch, Director of Collins Aero 
nautical Research Laboratory, and John 
5. Attinello, Research Division, Bureau 
of Aeronautics. 

In his paper, Dr. Lippisch first out- 
lined the necessity for extended research 
on three-dimensional flow with respect 
to the problems that arise in the design 
of modern high-speed aircraft. He 
pointed out that there are two different 
kinds of questions; the ones connected 
with transient flow, as for instance the 
transient starting and take-off, and 
another type of problem concerned 
with steady-flow conditions, especially 
for low aspect ratio and swept-back 
wings. 

Dr. Lippisch showed the methods 
used to visualize the flow patterns on a 
flying model and the methods used to 
visualize the flow patterns in the wind 
tunnel. These different methods were 
illustrated by portions of films that were 
taken on the flying models, as well as in 
the three-dimensional smoke tunnel. 
He pointed out that this work was more 
or less a preliminary investigation of the 
system to be used for research and that 
any further work can be based on these 
studies. 

The paper described the methods 
used to do such things rather than any 
results, since these investigations are, 
with respect to size and equipment, a 
first attempt to get certain physical 
information in this way. 

He also showed some still pictures 
that were necessary to explain the 
methods of the investigation. 

In the second paper of the evening, 
Mr. Attinello pointed out that the Ger- 
mans had applied, during the period 
1940-1945, boundary-layer and super- 
circulation control to five full-scale air 
planes. A duplication of the most 
promising installation, which was ac 
complished on the German ARADO 
#232 Assault Transport, was repro- 
duced on a small-scale airplane and was 
flown as a research project under a con- 
tract of the Air Branch of the Office of 
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New concept in photography 


Motorized For Sequence’ and Remote Control Photos 


JO 


Set the Robot-Star just once, and 
you're all set for as many as 24 
(or 48) exposures, made singly or 
in rapid-fire sequence, as fast as 
8 per second! Robot-Star automat- 
ically moves film and resets shut- 
ter after each exposure. Sur- 


Now 
passes human efficiency because | equipped 
of its built-in clock-work motor. to take 
Remote control release and other 35mm 
accessories bring new camera standard 
applications never before thought cartridges. 


possible in science and industry 
as well as for personal use. 
Takes any standard film—color, 
too. Gets 50% more pictures, 
with 55 exposures instead of 36 
per loading. Choice of Schneider 
lenses, wide angle to telephoto. 
For new camera thrills — get 
Robot-Star—from $217.50. 


Gets the 
action every 
time because 


Write for authoritative treatise A : 2 it S 
**New Techniques in Photography for Industry 7 

and Science’'—Sent without charge. 


INTERCONTINENTAL MARKETING CORP. 
251 Fourth Avenue e¢ New York 10, N. Y. 


(AIRSURANCE| 


1953 


__ AERONAUTICAL 
Airline Passenger Insurance | __ ENGINEERING 
Annual Policies | CATALOG 
from $5,000 to $100,000 ape 
at new low rates NOW 
= 
No Physical E inati imit 
lo Physical Examination No Age Limit | AVAILABLE 
EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000. or Hospital and Doctor's bills | 
PREMIUM $38.00 per year : 
e Complete technical data on hundreds 


of aircraft parts, materials, accessories 
and equipment 


Policies cover 


Backed by the 
Combined Assets of 


Aetna Casualty & Surety Co. 
American Employers’ 


@ Over 45,000 individual listings to the 
manufactures of more than 2,500 
aircraft and guided missile parts 


Passengers on 
scheduled airlines 


world-wide — also 


The names, latest addresses, and de 
scription of products of the principal 
manufacturers of every type of air- 
| craft and guided missile component 
| now being produced 


insurance Co 
American vre 
airlines in Canada Surety Co. of 
Century Indemnity Compony 
Mexico and South The Employers’ Liability 
Assurance Corp., Ltd 
A 

merica which meet Hartford Accident & 


taryland Casualty Co 
Massochusetts Bonding & | 7 

Insurance Co | 1.A.S. MEMBERS—1I Copy: Free of 
New Amsterdam Casualty Co | Charge (Additional Copies—$7.50 
Standard Accident Insurance Co, per copy 


standards 


Travelers Insurance Co 

United States Casualty Co 

United States Fidelity & 
Guaranty Co 


NON-MEMBERS—$7.50 per Copy 


(Send Check or Money Order 


WRITE OR PHONE ANY U. S. GROUP OFFICE 


INSTITUTE OF THE 
AERONAUTICAL SCIENCES 
2 East 64th Street New York 21, N. Y. 


UNITED STATES AVIATION UNDERWRITERS 


INCORPORATED 


80 JOHN ST. « NEW YORK 38, N. Y. 
ATLANTA » CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 
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Naval Research with The Cessna Air 
craft Company. This did not represen 
an optimum system; it was rather the 
first attempt in this country to produce ; 
practical aircraft and installation utiliz 
ing high lift coefficients and able to fi 
at low speeds. 

It was also pointed out that the 
French, primarily through the work 01 
Poisson-Quinton, had done a consider 
able amount of full-scale testing oi 
straight and swept wings with high-lift 
boundary-layer supercirculatior 
control. The main interest of the Navy 
lies at present in the possibilities of con 
siderable reduction of take-off and land 
ing speeds and of an increase in aircraft 
gross weights utilizing present catapult 
capacities. Therefore, two-fold benefit 
is expected an increase in both safet 
and performance 


Wichita Section 
Donald J. Ahrens, Secretary 


The April 1 dinner meeting, held at 
Droll’s English Grill, consisted oi 
discussion of the “Versatility of the 
Helicopter” by Thomas J. Harriman 
Assistant Chief Engineer of the Heli 
copter Division of Bell Aircraft Com 
pany. His talk described the wide 
range of uses of the helicopter, from 
carrving the mail in New York City to 
transporting concrete mixers and men 
to construction projects in remote areas 

Versatility of the craft was further 
demonstrated by color slides of combat 
and rescue operations in the rugged ter 
rain of Korea where Mr. Harriman 
spent several weeks as a_ first-hand 
observer of the helicopter in action. A 
color film showed the use of the whirl 
birds in surveying and transporting per 
sonnel, equipment, and materials for the 
Kemano Alcoa Aluminum plant project 
in the Okanagan region of British 
Columbia 

Mr. Harriman was introduced by 
Charles Seibel, Chief Engineer of The 
Cessna Aircraft Company's Helicopter 
Division. The two men worked to 


gether about 10 years ago in the pre 
liminary development of Bell Aircraft’s 
Model 47 
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HERE ARE THE 
HYDRAULIC “SELF-SEALING” 
QUICK-DISCONNECT COUPLINGS 
YOU HAVE BEEN WAITING FOR 


FEATURES 
Disconnects under system pressure 
Light weight - Compact - Positive 
Safe 


SIZE RANGE 
V4" - 5/16" - 3/9” V2". 5/g”_ 3/4” 


OTHER HIGH-PRESSURE COUPLINGS ALSO AVAILABLE: 
FOR PNEUMATIC SYSTEMS 


FOR BALLISTIC SYSTEMS 
(such as seat and canopy ejectors) 


Also AUTOMATIC BREAK-AWAY COUPLINGS 
(for drop-tank systems) 
AND REMOTE ACTUATED COUPLINGS 
(for missile use) 


Manual Quick Disconnect Automatic Quick Disconnect 
(Push-Pull (Breaks Away at 


Positive Action) Pre-determined Weight Load) Write for further information 


REPRESENTATIVES: AIRSUPPLY COMPANY: Offices in Los 
Angeles, Seattle, Wichita, Ft. Worth, Tulsa, Kansas City, and San 
Diego. AERO ENGINEERING, INC.: Akron, Indianapolis, Mineola, NY. 
Baltimore. HARVEY PIPE: Dayton. G. S$. GROVES: Cleveland. 
G. R. CARRIER: Chicago. CHARLES MORGAN: Boston. 
AERO SALES ENGINEERING, LTD.: Montreal. 


E. B. WIGGINS OIL TOOL COMPANY, INC. 
3424 East Olympic Boulevard, Los Angeles 23, California 
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Microtomic 


\ keeps pace with 
the world’s fastest- 
\\ moving industry 


- The Eberhard Faber Microtomic draw- 
ing pencil was designed to meet the spe- 
cific needs of engineers and draftsmen 
of our swift-advancing aircraft industry. 


In all 18 degrees, you'll find newly de- 
veloped quality that assures absolute 
degree uniformity, plus an opaqueness 
for deep print clarity. 


Microtomic represents the finest exam- 
ple of research in drawing pencils, de- 
signed to stand the most rigid drafting 
room comparisons. Test them today— 
request sample (specify degree wanted). 


Only Microtomic gives you 
all these features 


HI- DENSITY LEADS 


Lines are opaque to actinic rays 
of high speed ‘printers’. 


ABSOLUTELY UNIFORM 


Every Microtomic of the same 
degree marking is identical. 


NEW DUSK GRAY 


Scores of professional men 
acclaimed it the best color for a 
drawing pencil. 


BULL'S-EYE DEGREE MARKING 


Easier to read... quicker to find 
—positive identification. 


ALSO — Choice of Holders and 
Microtomic Drawing Leads in all 
degrees. 


EBERHARD 
FABER 


MICROTOMIC Van Dyke -008 


TRADEMARKS 
REG.US 
PAT. OFF 


since 1849 


Model 120 Integrating Mofor, for 
e INTEGRATION + SERVO MECHANISMS 
e AUTOMATIC CONTROLS 


Acceleration Time Constant 0.003 second 
Torque-to-inertia ratios in the order of 10‘ to 10° seconds ~? 


The integrating motor is fitted with precision gear train and a 

5 watt potentiometer. Special output mechanisms tailored to cus 
tomer requirements. 

NO KNOWN MOTOR can 

Model 120 in its 


dynamically outperform the 
power classification. 


UMMETS 


GYROSCOPE Co. 


2328 BROADWAY, SANTA MONICA, CALIF. 


immediate Openings for 
ENGINEERS * GYRO TECHNICIANS 
DRAFTSMEN 


DESIGNERS AVAILABLE 


without break-in...and dependable. 
EXPERIENCE 
4000 hours on board and in aircraft shops, with fundamentals and ac- 
tual work assignments under supervision of Aircraft Factory Experienced 
Designers — specializing in design of component parts — proficient 
in layout, strength checking and manufacturing process analysis. 
New class graduates each month — serving Douglas North 
American * Boeing Northrop Curtiss-Wright Lockheed 
Convair « Ryan * Airesearch *« and many others. 
HIRE A “CAL-AERO” GRADUATE — HE’LL DELIVER THE GOODS 
Phone or write 


CAL- AERO TECHNICAL INSTITUTE 


Grand Central Air Terminal — Glendale 1, California 


“CAL-AERO TECH” graduates are immediately useful t 


When you write to manufacturer vhose advertising ippead»rs 


Aeronautical Engineering Review, 
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Student Branches 


Academy of Aeronautics 


Kenneth O’Connor 
Corresponding Secretary 


On March 19, the second meeting of 
the spring semester was held with Chair 
man George Ludwig presiding. The 
names of those wishing to attend the 
First Annual Northeastern Conference 
at Rensselaer Polytechnic Institute were 
taken. Richard Kita was appointed to 
prepare and present a student paper at 
this conference. The paper is to be en- 
titled ““The Application of Jet Propul 
sion to Helicopters.” The showing of 
Shell Oil Company’s six-part film, How 
an Airplane Flies, brought the meeting 
to aclose. 


p> On April 2, plans for a tour of the air- 
craft carrier, U.S.S. “Antietam,’’ were 
finalized. The arrangements were made 
by Mr. Coder, Senior Instructor in the 
Academy’s Design Department. A film 
from Trans World Airlines, Inc., Letter 
toa Pilot, was shown. 


Twenty-five student branch members 
made the tour of the U.S.S. ‘“Antietam’”’ 
on April 4. Lieutenant La Turno, of 
the Navy’s Procurement Bureau, and 
Lieutenant Schumann, V-3 Officer 
aboard the Antietam, took the group on 
a tour of this Essex-class carrier. 


The Pennsylvania State College 
Frank A. Leader, Secretary 


A regularly scheduled meeting was 
held on March 19 on the Penn State 
campus with 44 members attending. 
Max Schuster, Chairman, presided. 


John Gaul, our Engineering Student 
Council Representative, stated that the 
Aeronautical Department of the Engi- 
neering School would use the wind tun 
nel, water table, and the Link-trainer as 
its part in the Engineering Open House 
to be held on May 2. 


It was decided to hold the annual pic- 
nic on May 9 at Greenwood Furnace. 
Robert Hess and Donald Plasterer were 
chosen to aid Max Schuster in getting 
the refreshments. Thus far, the entire 
expense is to be taken care of by the 
treasury. 


A field trip to Piasecki Helicopter 
Corporation was discussed, but no defi 
nite plans were drawn up. 


[wo films were then shown: The 
X F-88 Voodoo and The Banshee. They 
were similar in that they gave the design 
ind flight characteristics of each air 
craft and showed the production 
and testing steps used in producing 
them 


Syracuse University 
Charles E. Rogers, Secretary 


Chairman Fred Boenig opened the 
meeting of March 4 with aine members 
and six prospective members present. 
The minutes of the previous meeting 
were read and approved. 

The Treasurer reported that $122.01 
had been received on the sale of a num- 
ber of aircraft engines as scrap which 
were donated to the Student Branch by 
the Aeronautical Department of Syra- 
cuse University. All members aided in 
dismantling the obsolete engines, a task 
that proved fruitful experience-wise as 
well as financially. Two engines re- 
main to be disposed of this semester. 

A checking account has been opened 
for the Student Branch, withdrawals 
to be made by the Treasurer and the 
Chairman. 

Brought to the attention of the mem- 
bers was the possibility of students’ 
assisting in the investigation of local 
aircraft accidents via the Guggenheim 
Aviation Safety Center at Cornell 
University. 

Chairman Boenig explained the work- 
ings of the IAS to the prospective mem- 
bers, all of whom joined the organiza- 
tion. 

Professor Martin Barzelay, Head of 
the Aeronautical Engineering Depart- 
ment at Syracuse University, spoke on 
the aeronautical program at the uni- 
versity. Professor Barzelay covered 
the undergraduate curriculum, the grad- 
uate program, and the developments on 
the new buildings for the College of 
Engineering. He also discussed the 
research work that has been done at the 
university for NACA. question 
period brought out more information 
after the talk. 


University of Colorado 
Frank Nawrocki, Secretary 


The March 25 meeting was called to 
order by Chairman Cloman D. Bogart 
with 19 members present. 

Chairman Bogart announced that 
Forrest Brown and Don Dowell were 
the two persons selected from this 
university to present their papers in the 
IAS Texas Section’s First Annual 
Student Paper Contest. 

The Banquet Committee reported 
that the banquet was to be held at the 
Aviation Country Club in Denver on the 
evening of April 10. The menu was 
posted, and it was urged that reserva 
tions be made in the near future with the 
Treasurer, Jim Kutkuhn. 


At the conclusion of the business 
meeting, Allan F. Bonnalie, now Direc 
tor of Training of United Air Lines 
Flight Operations Department and 
formerly President and General Man 
ager of Lineas Aereas Mexicanas, S.A.. 
presented a fine talk on the history, de 
velopment, and extent of LAMSA 
The slides with which Mr. Bonnalie sup 
plemented his talk showed some of the 
culture and living conditions in 
Mexico. 

A film from Consolidated Vultee Air 
craft Corporation depicting its experi 
mental plane, ‘“The Skate,’’ was shown, 
and refreshments were served. 


U.S. Naval Postgraduate School 
William D. Harkins, Secretary 


Total attendance at the March 1% 
meeting was 30, and Lt. D. M. Layton, 
Chairman, presided. 

Dr. J. A. J. Bennett, Assistant Chiet 
Engineer, Hiller Helicopters, spoke on 
“Background of Helicopter Develop 
ment.’’ Dr. Bennett mentioned early 
attempts to obtain vertical flight and 
the evolution of various configurations 
of helicopters and components and com 
pleted his talk with a résumé of recent 
helicopter developments and applica 
tions. His most interesting speculation 
was concerning the feasibility of using 
small helicopters to handle large aircraft 
in a manner analogous to the way small 
tugs handle large ships in port. By 
coupling and uncoupling in flight, the 
helicopters could place the airplanes in 
the heart of large cities. This would 
eliminate the necessity for large outlying 
airfields and would also decrease present 
transportation time between airfields 
and cities. 

A film, History of the Helicopter, was 


also shown. 


West Virginia University 


Charles R. Bartlett 
Corresponding Secretary 


The February 18 meeting, the first of 
the spring term, was called together by 
the outgoing Chairman, David Ander- 
son. The following members were 
elected to office for the new term: 
Chairman, James E. Shrout; Vice- 
Chairman, David Anderson; Recording 
Secretary and Treasurer, James Heav- 
ner; and Corresponding Secretary, 
Charles R. Bartlett. Professor Leon Z. 
Seltzer is the Honorary -Chairman. 

Benjamin Grove and Mr. Bartlett 
were appointed the IAS representatives 
to the W.V.U. Engineering Show Com 
mittee. 

An Allison film, Harnessed Lightning, 
was shown. This film depicted the 
advancement of aircraft engines. An 
informal discussion was held, and re 
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WHO PUTS THE 


Putting air to work inside aircraft is a Stratos specialty. Stratos designed 


and manufactured pneumatic equipment is serving vital functions in many military 
and commercial aircraft. Whether it be the pressurizing and air conditioning of 

a modern transport, cooling the cockpit of a sonic fighter or operating 
indispensable accessories in a jet bomber, Stratos precision-engineered 
equipment meets the requirement. Stratos pressurization and cabin air conditioning 
systems are used by leading domestic and international airlines. 

Stratos air-cycle refrigeration units cool the fastest Air Force and Navy jet 
fighters and bombers, Light-weight Stratos air-turbine drives provide 


dependable power for accessories in jet night fighters and bombers. 
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TP15-2 


Air Turbine Drive 
For Driving 9kvo Alternators 


CFT25-3 


Mass Flow and Temperature 
Control Valve 


40 to 


Air Flow Range 


NUR6O 


100 Ibs/min 


IN AIRCRAFT 


Air Cycle Refrigeration Package 
For use with $20 
} Cabin Supercharger 


BUR20 


$20 


Cabin Supercharger 
Nominal Air Flow to 30 Ibs/min 


B60 


Air Cycle Refrigeration Unit 
with $60 


For use 
Cabin Supercharger 


JU 
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STRATOS PRODUCTS 


NUR30 
Air Flow 25 to 40 Ibs/min 


Cabin Supercharger 
Nominal Air Flow to 78 we 


A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION 


Main Office and Plant: Bay Shore, Long Island, N.Y. * West Coast Office: 1355 Westwood Blvd., Los Angeles 24, Calif. 
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WITTEK: 


AN737-TW 
TYPE WWD 
(Tangential 
~ with one-piece 
housing) 


AN737-RM 


hi 


Standard of the 


Industry for Over we 
a Quarter Century wits floating 
WITTEK 
Manufacturing Co. 


4305-15 West 24th Place 
Chicago 23, Illinois 


Positive lock 
with toggle action 


High Strength Access 


Latch weighing only 3.2 
ounces, takes an ultimate load 
of 2,700 Ibs. in tension, 5,000 
in shear. Designed for panels. cargo 
doors, radomes, and similar surfaces. 
Suitable for either hinged or detach- 
able panels. Special pull-up and ad- 
justment features. Heavy duty toggle 
Gives positive lock when flush. 

Simmonds Cowling Latches weigh 
6 to 8 ounces, take an ultimate load 
of 7,000 Ibs. Pull-up is 34 inch. Sizes 
to fit cowling curvatures from 27 in- 
ches to flat. For bulletins on these 
latches, write to: 


SIMMONDS 


AEROCESSORIES, INC. 
TARRYTOWN, NEW YORK 


Branch Offices: Glendale, Calif. * Washington, D.C. 


Dallas, Tex. * Dayton, Ohio * Canadian Co., Montreal 


ENGINEERING 


freshments were served to the eleven 
attending students 

> Chairman James E. Shrout opened 
the March 4 meeting and held a short 
business discussion during which plans 
were made for the Engineering Show. 

A smoke-tunnel demonstration was 
conducted by Professor Seltzer, Head of 
the Department of Aeronautical Engi 
neering. The three-dimensional flow 
showing wing-tip vortices was exceed 


Members Elected 


ts for membership or applicants for change of previous grades 
the publication of the list in the last issue of the Review 


The following appli 
have been admitted since 


Elected to Associate Fellow Grade 
Haas, S. G. Frank, Jr., B.E. in Mech. & 
Elec. Engrg., Chief of Prelim. Design, 
Consolidated Vultee Aircraft Corp. 
Schmued, Edgar, \V-P in charge of 
Engrg., Northrop Aircraft, Inc 


Transferred to Associate Fellow Grade 


Andreoli, Douglas G., Asst. Proj. Engr 
F7U-3, Chance Vought Aircraft Div., 


United Aircraft Corp. ( Dallas). 
Berkowitz, Samuel M., B.S.M.E 
(Aero.), Sr. Staff Engr Aero.), The 


Franklin Institute Labs 
Development. 

Durant, Frederick C., III, B.S. in Ch.E., 
Cons., Classified Proj., Arthur D. Little, 
Inc. 


for Research & 


Frederick Carl Leroy, Sc.D., Pres. & St 
Research Scientist, Frederick Research 
Corp.; Owner & Sr. Electronic Scientist, 
Carl L. Frederick & Associates; Cons., 
Research Directorate USAF, WADC 
(Dayton). 


Elected to MEMBER Grade 


Beck, Theodore H., Engrg. Mgr., Fair 
child Aircraft Div., Fairchild Engine & 
Airplane Corp. (Hagerstown). 

Bernstein, Saul, 
Struct., Canadair, Ltd 

Bradley, Richard W., B.S., Capt. & 
Chief, Capsule Development Unit, Air 
craft Lab, WADC, ARDC, USAF, 
Wright-Patterson AFB 

Buechel, Joseph C., B.S.E.E., Proj 
Engr., General Electric Co 

Campbell Orde, Alan C., Operations 
Devel. Dir., British Overseas Airways 
Corp. 

Cherry, Laurence H., B.S., Special 
Asst. to Dir., Guided Missiles Div., 
Bureau of Aeronautics, Dept. of the Navy 

Clawson, E. L., Sales & Install. Engr., 
Propeller Div., Curtiss-Wright Corp. 

Collins, Walter S., B.S., Proj. Engr., 
Globe Corp., Aircraft Div 

Darsey, George E., III, B. of Sc., Aero 
Field Engr., Sperry Gyroscope Co. Div., 
The Sperry Corp 

di Rende, Joseph S., Dr. of Engrg., 
Proj. Engr., Head, Aero. & 


, Group Leader 


Section 
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ingly interesting. 
were present. 
> The March 18 meeting was opene 
by Chairman Shrout with ten students 
present. The Chairman introduce 
Miss Marjorie Lantz, a member of th: 
Mountainlair Committee, who gave 
talk and held a discussion on the pro 
posed Student Union. 

A business discussion followed, an: 
the meeting was adjourned. 


['welve students 


Thermo Research & Devel. Div 
Section, Wright Aero. Div., 
Wright Corp 

Fish, Edwin L., M.S. in E.E., Researct 
Engr., Instrumentation Engrg., Flight 
Test Div., Lockheed Aircraft Corp 
(Burbank) 

Flickinger, Don, M.D., Col., USAI 
(MC); Dir. of Human Factors, Air R« 
search & Devel. Command (Baltimore 

Gibson, Milford D., Proj. Engr., G. M 
Giannini & Co., Inc. 

Govignon, Edward C., M.S.M.E., Proc 
ess Engr., Petroleum Research Div., The 
M. W. Kellogg Co 

Hart, George Harrison, S.M. (Math 
Engrg. Mathematician, Trans-sonics, Inc 

Kenney, James T., Jr., M.S., Proj 
Engr., Sandberg-Serrell Corp. (Pasadena 

Laird, A. Wilson, V-P, Engrg., The 
New York Air Brake Co. 

McDonald, Richard F., B.S. in Ae.E., 
Flight Engr., Lockheed Aircraft Corp 
(Burbank) 

McKelvie, John L., S.M. in E.E., Proj 
Engr., Servo Design, PSC Applied Re 
search, Ltd. (Toronto). 

Neitzel, Robert E., B.S.M.E., Tech 


Airflow 
Curtiss 


Engr., Aircraft Gas Turbine Dept., General 
Electric Co 

Newton, John C., B.Sc. in Engrg., Proj 
Engr., Specialties, Inc. 

Phillips, Warren L., M.S., Aerodynami 
cist, Aerophysics Development Corp 

Rhody, Francis J., Jr., B.S. in C.E 
Deputy Chief, Airport Engrg. Div., CAA 
(Washington, D.C.). 

Roberts, Fred T., Jr., Production Desig: 
Engr., Northrop Aircraft, Inc. 

Samain, Frederick A., Jr., B.S., Safety 
Rep., AiResearch Mfg. Co. 

Schweizer, Paul A., B.S. in M.E., V-P & 
Gen. Megr., Schweizer Aircraft Corp 

Seels, Henry Frank, B.S. in E.E., Fiek 
Engrg. Supt., Sperry 
Div., The Sperry Corp. 

Singer, Josef, D.I.C. in Aero., Capt. & 
Engrg. Officer, Israel Air Force 

Smith, Kenneth F., Proj Engt 
Schweizer Aircraft Corp. 

Steinmetz, T. J., M.S. in M.E., Pro 
Engr., Rep. at Fairchild Aircraft Corp 
Kaiser-Frazer Corp 


Gyroscope Co 
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Stockham, Henry B., B.S.. Flight Test 
Kngr., Lockheed Aircraft Corp. (Bur 
yank ) 

Tiffany, Raphael J., B.S. in Education, 
Aero. Design Engr., Fairchild Aircraft 
Div., Fairchild Engine & Airplane Corp 
Hagerstown) 

Wilcox, Emory C., B.Sc. in Met. Engrg 
\ero. Research Scientist, Propulsion Sys 
tems, Lewis Flight Propulsion Lab., 
NACA 


Transferred to MEMBER Grade 


Bruman, Joseph R., M.S., Sr. Proj 
Kngr., Jet Propulsion Lab., California 
Institute of Technology. 

Ely, Raymond L., Dr. of Sc. in Math., 
Kngr., Applied Physics Lab., The Johns 
Hopkins Univ. 

Grey, Jerry, Ph.D. in Ae.E., Research 
Assoc., Dept. of Aero. Engrg., Princeton 
Univ 

Hardy, Maurice M., B.S.A.E., Stress 
Engr. & Designer, G. O. Noville & 
Associates, Inc. 

Kuldell, Philip D., B.S., Proj. Engr. GS 
9%, David Taylor Model Basin (Washing 
ton, D.C.). 

Oliver, Raymond B., M.S. in A.E., Aero 
ivnamics Supvr., Aerophysics Lab., North 
American Aviation, Inc. (Downey ) 

Potter, Edwin F., Jr., M.S. in Ae.E., 
Acro. Engr., Supvr. of Aerodynamic and 
Weight Unit, Naval Aircraft Factory 

Philadelphia). 

Wellman, Roy J., Major, USAF; 
Directorate, Research & Devel., Aero 
nautics Div., DCS/D, Hq. (Pentagon). 


Elected to Associate Member Grade 


Arnold, H. Roys, B.S. (E.E.), Asst 
Mer., Aviation Gas Turbine Div., West 
inghouse Electric Corp. (Philadelphia ) 

Knapp, Charles W., B.Sc., Lt. Comdr., 
USN; Asst. Supt., Aero. Struct. Lab., 
NAES (Philadelphia) 

Rhoads, Homer H., Pres., Hydro-Aire, 
Inc 

Rich, Stuart L., Mgr., Govt. Contracts, 
Glowmeter Corp. 

Tolson, Arthur G., A.A., Electronics 
Quality Control Rep., Western Air Proc 
District, AMC, USAF (Los Angeles) 


Elected to Technical Member Grade 


Butler, Donald L., B.Sc. in Ae.E., Lt., 
USN; Aviator, Maint. & Ord. Officer, 
Sq. VF-31, U.S.S. “Leyte.” 

Dennis, Dwight L., Lt. (j.g.) USNR; 
Naval Aviator, General Line Officer, USN 

Fahey, Russell E., B. of Se., Aircraft 
Designer “B,’’ Harper Engineering Co 

Long, William R., B.S., Liaison Engr., 
Fairchild Aircraft Div., Fairchild Engine 
& Airplane Corp. (Hagerstown) 

McLarin, Maitland, Sc.B.E., Asst. Prod 
uct Engr., Sperry Gyroscope}Co. Div., 
lhe Sperry Corp. 

Meyers, William F., Power Plant De 
sign Engr., Douglas Aircraft Co., Inc. (El 
Segundo 

Osmanski, Joe T., B.S., Asst. Proj 
Engr., Globe Corp., Aircraft Div 
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Payzer, Robert J., B.M.E., Tech. Engr., 
Aircraft Nuclear Propulsion Proj., General 
Electric Co. (Cincinnati). 

Sanford, Paul E., B.S.M.E., Lt., USAF; 
Communications Officer, 3337th Tech 
Tng. Sqdn., Scott AFB 

Schilling, Edward A., B.Sc., Group 
Engr., Grand Central Aircraft Co 

Scipio, L. Albert, II, Ph.D., Lecturer, 
Dept. of Aero. Engrg., Univ. of Minne 
sota 

Tennant, Samuel M., M.S.M.E., Struct 
Engr., Temco Aircraft Corp. (Dallas) 

Vroman, Gerald A., B.S.Ae.E., Struct 
Engr., Rohr Aircraft Corp 

Young, Maurice I., M.A. (Math 
Dynamics Engr., Bell Aircraft Corp. (Ft 
Worth) 


Transferred to Technical Member 
Grade 

Adornato, John A., Design Draftsman, 
Grumman Aircraft Engineering Corp. 

Allen, Hilary W., B.S. in Ae.E., 2nd Lt., 
USAF. 

Alter, Robert L., B.S., Capt., USAF; 
Proj. Engr., Wright-Patterson AFB. 

Balog, John, Apprentice Mechanic, 
Eastern Air Lines, Inc. 

Beach, Robert E., Field Service Rep 
“C,”" North American Aviation, Inc 
(Los Angeles). 

Bennett, Glenn Robert, Field Service 
Rep., North American Aviation, Inc 
(Edwards AFB). 

Berger, Frederick, Design Engr., Good 
vear Aircraft Corp 
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Blair, Emerson B., B.S., Capt., USAF; 
Electronics Engr.-Proj. Officer, Air Force 
Armament Center, Eglin AFB. 

Buetow, Merrill E., B.S. in Ae.E., Ji 
Engr.-Aerodynamics Unit, Boeing Air 
plane Co. (Seattle). 

Burbick, James W., B.S. (Aero. ). 

Byrtus, Joseph R., B.S., Lt. Col., USAF; 
AMC, Wright-Patterson AFB. 

Collelo, Pasco D., B.S. (Physics), 2nd 
Lt., USAF; assigned to Communications 
School, Scott AFB. 

Consoli, John R., Jr. Engr.-Draftsman 
“B,” Electrical Group, North American 
Aviation, Inc. (Los Angeles) 

Cooper, Norman R., B.S. in Ae.E. 
Grad. Student & Research Engr. II, De 
fense Research Lab., Univ. of Texas. 

DiPeri, Leonard J., B.S (Aero.), 2nd 
USAF; Student Officer—Pilot 
Training, 3306th Pilot Training Sq., Bain 
bridge AFB 

Donaldson, George A., B.S. (Aero.), 
2nd Lt., USAF. 

Erickson, Carl G., B.S.M.E., Capt., 
USAF; Navigator, Mather AFB. 

Foster, J. Y., Design & Research Engr., 
Fair Play Mfg. Co. 

Fox, Marvin K., B.S. in Ae.E., Field 
Engr., Consolidated Vultee Aircraft Corp. 
(Ft. Worth). 

Fulton, Theodore A., B.S., Jr. Engr. 
“B,” Boeing Airplane Co. (Seattle) 

Gilnack, Ralph F., Jr. 


Glass, James C., B.S. (Aero.), Jr. Engr., 
Power Plant Group, Douglas Aircraft Co., 
Inc. (Santa Monica). 

Grevera, Casimier J., Stress Analyst, 
Fairchild Aircraft Div., Fairchild Engine 
& Airplane Corp. 

Harold, Karl F., Jr. Engr.-Draftsman 
“A,” Instrumentation Dept., Guided 
Missiles Section, Electro-Mech. Design 
Group, Northrop Aircraft, Inc 

Harvey, Ray W., M.S. in Ae.E., Engr., 
ARO, Inc. 

Haynes, William B., Jr., B. of Ae.E., 
Design Engr., East Coast Aeronautics, 
Ine 
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Jacob, Arthur W., Engrg 
“A,” North American 
(Columbus). 

Jessen, Andrew R., Jr. Engr.-Draftsman 
“A,”’ Northrop Aircraft, Inc 

Kipin, Peter B., B.S. in Ae.E., 
Engr.—Stress Analysis, Chase 
Co., Inc. 


Lapedes, Donald E., B.S., Jr. Test 


Draftsman 
Aviation, Ine 


Struct 
Aircraft 


Engr., Aerodynamic Test Div., Univ. of 
Southern California (Pt. Mugu). 
Laudeman, Ernest C., B.S., Tech 


Analyst—Flight Test, McDonnell Air 
craft Corp. 

Le Cours, Camille A., Jr., B.S. in Ae.E., 
Controls Test Engr., Aviation Gas Turbine 
Div., Westinghouse Electric Corp 

Lewellen, James G., BS. in Ae.E 
Asst., Aero. Engrg. Dept., Parks Colleg« 
of Aeronautical Technology 

McCarty, Thomas A., B. of Ae.E., 2nd 
Lt., USAF; Attending 
tems School, Lowry AFB 

McGuire, R. Loren, B.S.M.E. (Aero 
Asst. Aero. Research Engr.-Technical 
Editor, Cornell Aeronautical Lab., Inc 

Miller, George J., B.S. in Ae.E., Design 
Engr., Aviation Gas Turbine Div., West 
inghouse Electric Corp 

Morris, George W., B.S. in Ae.E., 
Aerodynamicist, McDonnell Aircraft Corp 

Negris, Vitalis. 

Newgent, Jack, B.S Ae.E., Asso: 
Engr., Struct. Group, Douglas Aircraft 
Co., Inc. (Long Beach 

Nold, Henry G., Jr., B.S. in Ae.E., 
Devel. Engr., Goodyear Aircraft Corp 

Northcott, Clyde A., Jr., Capt., USAF 
Chief, Tactical Section, Air 
Force Armament Center, Eglin AFB 

Nothnagle, Frank C., BS., Flight Test 
Instrumentation Engr., Chance Vought 
Aircraft Div., United Aircraft Corp 

Papadopoulos, James G., B.S. in Ae.E 
Struct. Engr., Stress Analysis, Bell Air 
craft Corp 

Pierce, Neil J., B.S., Engr. “‘C,'’ Con 
trols Group, McDonnell Aircraft Corp 

Quiaoit, Jesus S., B.S., Aerodynamic 
Engr., Fletcher Aviation Corp 


Armament Sys 


Jombing 
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Rapstad, Harold M., Jr. Engr., Design 
Draftsman, Northrop Aircraft, Inc 

Reitz, David R., M.S., Grad. Studem: 
Univ. of Michigan 

Rieben, P. Andre, B.A. (Physics), Lx 
sign Engr., Hydraulic Group, Gladd: 
Products Corp 

Robins, Harold J., Design Draftsmai 
Goodyear Aircraft Corp 

Rumbaugh, Don K., Struct. Testing 
Engr., Consolidated Vultee Aircraft Cor} 
(San Diego) 

Ruth, John D., B.S. in Ae.E., Hea 
Aero. Lab., Tri-State College 

Schmetzer, William M., B.S., Asso 
Engr., Wind Tunnel Model Design, Doug 
las Aircraft Co., Inc. (Santa Monica 

Sellers, Cloyd W., B.S., Major, USA] 
Asst. Chief, Bombing Branch, AFAC 
Eglin AFB 

Sidwell, Charles Wm., Jr. Aero. Eng: 
Phe Glenn L. Martin Co 

Sowell, Roderic C., Jr. 
Boeing Airplane Co. (Seattle) 

Swope, William A., Jr. Engr.-Draftsins 
“A,” Northrop Aircraft, Inc. 

Timoshenko, Nick J., B. of Ack 
Engr.-in-Training, A. V. Roe Canad 
Ltd. (Malton). 

Townsend, Terry M., Sc.B., 
Research Scientist, Langley Aeronautic 
Lab., NACA 

Weaver, Robert J., B.S. in Ae.E., Struct 
Engr.—-Stress Analysis, Bell Aircraft 
Corp 

Wells, Harold M., Jr., B.S. in Ae. 
2nd Lt., USAF; Aero Engr.-Student 
Grad. Aero. Engrg., Institute of Tec} 
nology, Wright-Patterson AFB. 

Wharton, Charles L., M.S. in 
Ae.E., Grad. Student, Georgia Inst. 01 
Technology 

Wray, George G., B.S. in Ae.E., Missil: 
Service Rep., Douglas Aircraft Co., In« 
(Santa Monica) 

Wuerz, Al H., Jr., B.S. in Ae.E., 2n 
Lt., USAF; Student Pilot, 3300th Pilo: 
Training Sq., Graham AFB. 

Yeager, Ronald E., B.S. (Aero.), 2n 
Lt., USAF; Student Pilot, Graham AFR 


be sufficient. 


Photographs accompanying news items will be we 


Items will be considered on the basis of their timeliness 
addressed to the News Editor, Aeronautical Engineering Review, 2 East 64th Street, New York 21, N.Y 


Attention Members! 


All members of the Institute are invited to submit 
“News of Members” columns of the Aeronautical Engineering 
awards or honors received, and appointments to new or 
editors believe are of interest to other IAS member A 


eview 


nd general interest 


concerning their activities for publication in the 
Responsibility for new developments 
sdditional positions are some of the items that your 
brief letter or postal card giving exact details will 
comed and will be used where practicable 


Correspondence should be 
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Powertul Allison Team 
Osed in all Four U.S8. 
Turbine-Propeller Planes 


Turbine-driven propellers solve many urgent 
needs for truly high performing aircraft. They 
provide the answer to the desired combination 
of heavy payload, higher speed and longer range. 
Yet turbine engines, plus propellers, permit 
take-off and landing from shorter runways. 


Out in front and pioneering to prove the place of 
turboprops in today’s and tomorrow’s aviation 
spectrum are three U.S. Navy aircraft powered 
with six-bladed contra-rotation Aeroprops and 
Allison T40 twin turboprop engines. 


Serving with all three is America’s only com- 
mercial-type turbine transport—the Allison 
Turboliner. Equipped with Aeroprop four-bladed 
propellers and Allison turboprop engines, it is 
General Motors’ contribution to the proof- 
_ testing of turbines and propellers in a broad band 
of military and commercial aircraft applications. 


MOTORS 


deropro ducts 


ALLISON DIVISION © GENERAL MOTORS CORPORATION 
DAYTON, OHIO 
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MULTI-P 
will 


* Supplies as much as 15 watts 


* Negligible overshoot 
when amplifying pulses 
with 0.1 p sec rise times 


* Noise level better than 
60 db below 15 watts 


* Balanced or grounded 
150 or 600 ohm output 


* Built in voltmeter 
indicates terminal voltages 


POWER AMPLIFIER 


233-4 


Tree 


GENERAL 
AMBRIDGE 


* Three Frequency Ranges 


20 cycles to 20 ke 


POWER AMPLIFIER 


requency Range 


The Type 1233-A Power Amplifier is a versatile instrument of 
wide frequency range and substantial output. It finds use in the 
electrical laboratory, production test-station and for a wide variety 
of applications in industry. 


This amplifier is widely used in the testing and development of 
audio-frequency equipment, and in driving supersonic transducers. 
At standard broadcast frequencies, it has sufficient amplification for 
exciting antennas in measurements of gain characteristics. The 
20-cycle to 3 Mc range was specifically designed for amplifying 
oscilloscope deflection voltages. 


Where a reliable instrument is needed for undistorted amplifi- 


cation over a wide frequency range, the Type 1233-A Power Ampli- 
fier is highly recommended. 


METER RANGE 


150 or 600 ohms, balanced 


15 watts from 50 c to 15 ke 
or grounded 


8 watts at 20 c and 20 ke 


20 ke to 1.5 Mc 


15 watts from 20 ke to 0.5 Mc 


50 ohms grounded at 15 


20 cycles to 3 Mc 


high impedance output for connection 


to oscilloscope deflection plates 150 volis peak to peak 


Input Voltage — Less than 0.2 volts for full output 
Input Impedance — 100,000 ohms in parallel with 


37 grounded 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S. A. 


90 West St. NEW YORK 6 920 S. Michigan Ave. CHICAGO $ 


Distortion —less than 3% atrated output onall ranges 
Dimensions — 1934 x 1414 x 71% inches, overall 
Price — $525 


Admittance Meters Coarial Elements Decade Capacitors 
Decade Inductors ¥ Decade Resistors vx Distortion Meters 
Frequency Meters % Frequency Standards % Geiger Counters 
Impedance Bridges Modulation Meters Oscillators 
Variacs Light Meters Megohmmeters Motor Controls 


Noise Meters * Null Detectors % Precision Capacitors 


1000 N. Seward St. LOS ANGELES 38 


Pulse Generators % Signal Generators % Vibration Meters % Stroboscopes %& Wave Filters 


U-H-F Measuring Equipment %& V-T Voltmeters % Wave Analyzers * Polariscopes 
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eronautical Reviews 


A Guide to the Current Literature of 


Aeronautical Research and Engineering 
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“ Abbreviations for Titles of Periodicals and Reports.......... 96 
e Aerodynamics Equipment 109 Military Aviation 114 
+4 Boundary Layer & Thermoaerodynam ; Electric 109 Missiles 114 
ics 102 Hydraulic 109 Navigation 114 
Fluid Nisiieeics. & Aerodynamic Pneumatic 109 Photography . 114 
x Theory 102 Flight Operating Problems 109 Power Plants 
Internal Flow 102 Ice Prevention & Removal 109 Jet & Turbine 114 
Performance... 104 Flight Safety & Rescue. . 109 Reciprocating 114 
Stability & Control 104 — Fuels & Lubricants 109 Rocket 114 
Wings & Airfoils 105 Instruments. 109 Production baa 
A on Flow-Measuring Devices 109 Metalworking 114 
eroelasticity 105 p 
A G 105 Recording Equipment 110 ropellers 116 
enera 110 Reference Works 116 
Air Transportation 105 Temperature-Measuring Devices 110 Rotating Wing Aircraft. . 116 
Airplane Design 105 Vibration-Measuring Devices 110 Space Travel. TE? 
Airports. . 106 Laws & Regulations 144 Structures 117 
Aviation Medicine 106 Lighter-Than-Air 111 Bars & Rods 117 
Computers 107 Machine Elements 111 Beams & Columns 117 
Education & Training 107. ~— Materials 111 Cylinders & Shells 118 
Electronics. 107 arpa Protective Coatings 111 Elasticity & Plasticity 118 
Antennas 107 Metals & Alloys as. Plates 118 
= : Metals & Alloys, Ferrous 111 
Circuits & Components 107 Metals & All Nonf 14 Testing 119 
107 etals & oys, Nonferrous 1 119 
Communications Nonmetallic Materials 119 
Electronic Controls 107 Sandwich Materials 119 Combustion........ 119 
Electronic Tubes 107 Testing. . 119 Heat Transfer..... 120 
Measurements & Testing 108 Mathematics 443 Water-Borne Aircraft 120 
Radar 108 Meteorology 113 Wind Tunnels & Research Facilities 120 


BOOKS REVIEWED IN THIS ISSUE 


Books, reports, and periodicals reviewed in this issue or in pre 
vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
ure not Members of the Institute may borrow books and, in spe 
Members of the IAS may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library. 


cial cases, other research material. 


Photostatic copies of material in the Institute’s libraries may 
be obtained at a cost of $0.35 to members and Corporate Mem- 


bers ($0.45 to nonmembers) for each 8!/2- by Ll-in. print and 
$0.40 to members and Corporate Members ($0.50 to nonmembers) 
for each 11'/2 


of $1.00 is made to nonmembers of the IAS. 


by 14-in. print, plus postage. A minimum charge 


Bibliographies on special subjects will be compiled at the rate 
Translations of technical literature from for- 
eign languages may be obtained at $12 to $14 per 1,000 words, 
depending on the language. 
cent discount on bibliographies and translations 


of $2.50 per hour 


IAS members receive a 20 per 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
Lending Library, 2 East 64th St., New York 21, N. Y 
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Abbreviations for Titles of Periodicals and Reports 


Effective with this issue, titles of periodicals and 
are being abbreviated in order to conserve space and to expedite the flow of materials. 
titles in this list of abbreviations is based on material 
are listed in the briefest form, with only the first pag 
for reports and other types of publications. 

Publications reviewed are filed permanently 


should be directed to the Librarian, IAS Library, 2 § 


A&M Coll. Tex. Eng. Exp. Sta. Res. Rep. 
Agricultural and Mechanical College of 
Texas, Texas Engineering Experiment 
Station, Research Report 

Acta Polytechnica (Stockholm 

Aero Dig. Aero Digest 

Aero. Eng. Rev. Aeronautical Engineering 
Review 

Aero Res. TN; Bul. Aero Research 
Technical Notes; Bulletin 

L’Aerotecnica (Rome) 

Aeronautics 

The Aeroplane 

Aerovox Res. Worker. 
Worker 

AHS Papers. 
ciety, Papers 

AIAA Papers. Aircraft Industries As 
sociation of America, Papers 

Air Facts 

Air Force 

Air Line Pilot 

Air Pictorial 

Air Transp. Air Transportation 

Air U. Quart. Rev. Air 
Quarterly Review 

Airborne Instr. Lab. Proj. Rep. Airborne 
Instruments Laboratory, Project Report 

Aircraft (Australia) 

Aircraft (Canada) 

Aircraft Eng. Aircraft Engineering 

Aircraft Heating Dig. 
Digest 

Aircraft Prod. Aircraft Production 

Airports & Air Transp. Airports & Air 
Transportation 


Allis-Chalmers Elec. Rev. 


Electrical Review 


Acrovox Research 


American Helicopter So 


University 


Aircraft Heating 


Allis-Chalmers 


Am. Av. American Aviation 
Am. J. of Phys. American Journal of 
Physics 


Anal. Chem. Analytical Chemistry 

Antiaircraft J. Antiaircraft Journal 

Appl. Hydraulics. Applied Hydraulics 

Appl. Mech. Rev. Applied Mechanics 
Reviews 

Appl. Sci. Res., Sect. A. Applied Scien 
tific Research, Section A (Mechanics, 
Heat, Chemical Engineering, Mathe 
matical Methods) 

Appl. Sci. Res., Sect.B. Applied Scientific 
Research, Section B (Electrophysics, 
Acoustics, Optics, Mathematical Meth 
ods ) 

ASME Preprints; Papers. American 
Society of Mechanical Engineers, Pre 
prints; Papers 

ASTM Bul. American Society for Test 
ing Materials, Bulletin 

ATA Papers. Air Transport Association 
(of America), Papers 

Audio Eng. 


Audio Engineering 


the IAS Library 


Australia, Aero. Res. Consultative Comm. 
Rep. Australia, Department of Sup 
ply, Aeronautical Research Consulta 
tive Committee, Reports 

Australia, ARL EN; Rep.; S&M 
Monogr.; S&M TM; Notes. Austra 
lia, Department of Supply, Aeronautical 
Research Laboratories, Engine Notes 
Reports; Structures and Materials 
Monographs; Structures and Materials 
Technical Memorandum; other Notes 

Australian J. of Appl. Sci. 
Journal of Applied Science 

Australian J. Phys. Australian Journal 
of Physics |formerly Australian Journal 
of Scientific Research, Series A (Physi 
cal Sciences 

Auto. Ind. 

Av. Age. 

Av. Week. 


Australian 


Automotive Industries 
Aviation Agi 
Aviation Week 


Bearing Engr. Bearing Engineer 

Bee Hive 

Bell Aircraft Rep. Be! 
tion, Reports 

Bell System Tech. J. 
nical Journal 

Bendix Av. Eng. Rep. Bendix Aviation 
Corporation, Engineering Reports 

Boeing Mag. Bocing Magazine 

Brit. J. Appl. Phys. 
Applied Physics 

Brown-Boveri Rev. 
view 

Bul. AMS. Bulletin of the 
Meteorological Societ 


Bus. Flying. 


Aircraft: Corpora- 


Bell System Tech 


British Journal of 
Brown-Boveri Re 
American 


Business Flying 


Canada, NAE LR; Note; Quart. Bul.; 
Rep. Canada, National Aeronautical 
Establishment, Laboratory Report; 
Note; Quarterly Bulletin; Report 

Canada, NRC Div. Mech. Eng. Rep. 
Canada, National Research Council, 
Division of Mechanical Engineering, 
Reports 

Canada, RCAF, Rockcliffe, Rep. Canada, 
Royal Canadian Air Force, Rockcliffe, 
Report 


Can. Airline Pilot. Canadian Airline 
Pilot 
Can. Av. Canadian Aviation 


Can. J. Phys. 
Physics 

Can. J. Tech. 
Technology 

CEC Recordings 

Chrysler Eng. Div. Rep. Chrysler Corpo- 
ration, Engineering Division, Reports 

CIT Jet Propulsion Lab. Prog. Rep. 
California Institute of Technology, Jet 
Propulsion Laboratory, Progress Re 
port 


Canadian Journal of 


Canadian Journal of 


received during the past year. 
given for periodicals and the total number of pages 


reports cited in the Aeronautical Reviews Section 


Selection of 
Reference citations 


Requests for loans of materials 


64th St., New York 91 


NY. 


Coll. of Aeronautics, Cranfield, Rep 
College of Aeronautics, Cranfield, Eng 
land, Reports 

Collins Signal 

Commun. on Pure & Appl. Math. Con 
munications on Pure and Applies 
Mathematics 

Cook Res. Labs. Papers. 
Laboratories, Papers 

Cornell Aero. Lab. FRM; Rep.; Transl. 
Cornell Aeronautical Laboratory, Inc 
Flight Research Memorandum; 
port; Translations 

Cornell U. Med. Coll. Crash Injury Res. 
Papers. Cornell University Medica 
College, Crash Injury Research Papers 

Corrosion 

Curtiss-Wright Corp., Wright Aero. Div., 
Rep. Curtiss-Wright Corporation 
Wright Aeronautical Division, Report 

de Havilland Gazette 

Douglas Rep. Douglas Aircraft) Con 
pany, Inc., Reports 

Douglas Serv. 


Cook Research 


Douglas Service 


Elec. Commun. Electrical Communi 


tion 
Elec. Eng. Electrical Engineering 
Electronic Eng. Electronic Engineerins 
Electronics 
Electronics Forum 
The Engr. The Engineer 
Eng. J. Engineering Journal 
Engr. Dig. Engineer's Digest 


Escher Wyss News 
Esso Air World 


Fasteners 

Flight 

Flight Control ( Bendix ) 

Flight Mag. Flight Magazin« 


Flight Safety Foundation, Papers 

Flying 

Flying Safety (USAF). Flying Satfet 
(United States Air Force) 

France, Min. de l’Air BST; NT; PST 
France, Ministére de l'Air, Bulleti 
des Services Techniques; Notes Tech 
niques; Publications Scientifique. 
Techniques 

France, ONERA Pubs. France, Offic: 
National d'Etudes et de Recherches 
Aéronautiques, Publications 

Franklin Inst. J. Franklin 
Journal 

Franklin Inst. Labs. TR. Franklin In 
stitute Laboratories for Research anc 
Development, Technical Reports 

The Frontier 


GALCIT Memo. Guggenheim Aeronau 
tical Laboratory, California Institute of 
Technology, Pasadena, Calif., Meme 
randums 


Institut 
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safeguards every 
component part of 
your ignition system 


From Lindbergh’s history-making flight 
to today’s record breaking jets, Bendix 
ignition equipment has played a spec- 
tacular part in aviation progress. 

While Bendix reputation in ignition has 
been spotlighted by scores of important 
engineering firsts, the industry’s wide 
acceptance of Bendix ignition equipment 
has been built largely on the solid 
foundation of product excellence in 
every component part. 

Just as a chain is no stronger than its 
weakest link, dependable ignition is the 
result of components designed and 
manufactured for unfailing efficiency. 


That’s why it pays to insist on Bendix 
ignition components for every part of 
your ignition system. Whether your 
requirement is for a better electrical 
connector, a complete new ignition 
system, or the famous Bendix Ignition 
Analyzer, you can be sure of quality 
performance when the good name of 
Bendix safeguards the reputation of 
every individual ignition product. 

Why not consult our sales department 
for details? 


AVIATION PRODUCTS 


Low and high tension ignition systems for piston, jet, 
turbo-jet engines and rocket motors . . . ignition 
analyzers... radio shielding harness and noise filters 
... Switches... booster coils... electrical connectors. 


SCINTILLA MAGNETO DIVISION 


SIDNEY, NEW YORK 
Export Sales: Bendix International Division 
LOW TENSION IGNITION SYSTEM 72 Fifth Avenue, New York 11, N. Y. 
ELECTRICAL CONNECTOR FACTORY BRANCH OFFICES: 117 E. Providencia Avenue, 


Burbank, California « Stephenson Building, 6560 Cass 

Avenue, Detroit 2, Michigan ¢ Brouwer Building, 176 

W. Wisconsin Avenue, Milwaukee, Wisconsin « 582 Market 
Street, San Francisco 4, California 
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Garbell Res. Foundation, Aero. Ser. Gar- 
bell Research Foundation, Aeronautical 
Series 

G-E Rev. General Electric Review 

Gen. Radio Exp. General Radio Experi- 
menter 

Gt. Brit, AERE Rep. Great Britain, 
Atomic Energy Research Establish- 
ment, Reports 

Gt. Brit., ARC CP. Great Britain, Acro 
nautical Research Council, Current 
Papers 

Gt. Brit. ARC R&M.~ Great Britain, 
Aeronautical Research Council, Re 
ports & Memoranda 

Gt. Brit., Meteorological Off. Prof. 
Notes & Reps. Great Britain, Mete- 
orological Office, Professional Notes 
ind Reports 

Gt. Brit, NGTE Rep. Great Britain, 
National Gas Turbine Establishment, 
Reports 

Gt. Brit., NPL Aerodynamics Div. Rep. 
Great Britain, National Physical Lab 
oratory, Aerodynamics Division, Re 
ports 

Gt. Brit., RAE Rep. Great Britain, Royal 
Aircraft Establishment, Reports 

Gt. Brit., RAE TN. Great Britain, Royal 
Aircraft Establishment, Technical Notes 


Handley-Page Bul. Handley-Page Bulle 
tin 

Harvard U. Cruft Lab. TR. Harvard 
University, Cruft Laboratory, Techni 
cal Reports 

Hawker Siddeley Rev. Hawker Siddeley 
Review 

Hewlett-Packard J. 
Journal 

Hunting Group Rev. Hunting Group Re- 
view 


Hydraulic Engr. Hydraulic Engineer 


Hewlett-Packard 


IAS Preprint. Institute of the Aeronau 
tical Sciences, Sherman M. Fairchild 
Fund Preprint 

IAS, SMF Fund Paper. Institute of the 
Aeronautical Sciences, Sherman M 
Fairchild Fund Paper 

IATA Bul. International Air Transport 
Association Bulletin 

ICAO Bul. International Civil Aviation 
Organization Bulletin 

IME Proc. (A). Institution of Mechani 
cal Engineers, Proceedings (A) 

INCO. (International Nickel Company, 
Inc.) 

Ind. & Eng. Chem. Industrial and En 
gineering Chemistry 

Ind. Quality Control. Industrial Quality 
Control 

Indian AF Quart. 
Quarterly 

Indian Airman 

Indian Skyways 

Institut Francais du Transport Aérien, 
Res. Paper. Institut Francais du 
Transport Aérien, Research Paper 

Instrumentation 

Instruments 

Interavia (Monthly) 

Interchem. Rev. I[nterchemical Review 

Internatl. Nickel Devel. & Res. Div. Tech. 
Bul. International Nickel Company, 
Development & Research Division, 
Technical Bulletins 

Ireland, Meteorological Serv., Geophys. 
Pubs. Ireland, Meteorological Service, 
Geophysical Publications 


Indian Air Force 


J. Acoustical Soc. Am. Journal of the 
Acoustical Society of America 
ACS. Journal of the American Chem 
ical Society 
. Aero. Sci. Journal of the Aeronautical 
Sciences 
Air Law & Commerce. Journal of Air 
Law & Commerce 
- Appl. Mech. Journal of Applied Me- 
chanics 
. Appl. Phys. Journ 
ics 
ARS. Journal of the American Rocket 
Society 
Atmos. & Terrestrial Phys. Journal of 
Atmospheric & Terrestrial Physics 
Av. Med. Journal of Aviation Medi 
cine 
. Brit. Interplanetary Soc. Journal of the 
British Interplanetary Society 
Eng. Educ. Journal of Engineering 
Education 
- GAPAN. § Journal of the Guild of Air 
Pilots and Air Navigators 
. Helicopter Assn. Gt. Brit. Journ! of 
the Helicopter Association of Great 
Britain 
. Indian Inst. Sci. Journal of the Indian 
Institute of Scienc« 
Inst. Navigation. Journal of the In 
stitute of Navigation 
- Inst. Transp. 
of Transport 
- ISA. Journal of the Instrument So 
ciety of America. In: Instruments 
. Japan Soc. Appl. Mech. Journal of the 
Japan Society for Applied Mechanics 
London Math. Soc. Journal of the 
London Mathematical Society 
Math. & Phys. 
ics and Physics 
Mech. & Phys. Solids. Journal of 
the Mechanics and Physics of Solids 
Meteorology. Journal of Meteorology 
RAeS. Journal of the Royal Aeronau 
tical Society 
Sci. & Ind. Res. Journal of Scientific 
and Industrial Research 


| of Applied Phys- 


Journal of the Institute 


— 


Journal of Mathemat 


- Sci. Instr. Journal of Scientific Instru- 

ments 

- Sci. Res. Journal for Scientific Re- 

search 

SLAE Journal of the Society of Li 

censed Aircraft Engineers (incorporat 

ing The Technical Instructor) 

J. Southern Calif. Meter Assn. Journal 
of the Southern California Meter As 
sociation. In: Instruments 

J. Southern Res. Journal of Southern Re- 
search 

J. Space Flight. Journal of Space Flight 

Japan, NCB Rep. Japan, Numerical 
Computation Bureau, Reports 

Japan Sci. Rev. Japan 

(Engineering Sciences 


Jet Age 


Science Review 


Kyushu U., Japan, Res. Inst. Appl. Mech. 
Rep. Kyushu University, Japan, Re- 
search Institute for Applied Mechanics, 
Reports 


La. State U. Eng. Exp. Sta. Bul. Loui 
siana State University, Engineering Ex- 
periment Station, Bulletin 

Lenkurt Demodulator 

Lockheed Aircraft Rep. Lockheed Air- 


craft Corporation, Reports 
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The Log 
Lubrication 


Mach. Des. Machine Design 

Mag. of Magnesium. Magazine of Mag 
nesium 

Marconi Rev. 

Martin Star 

Materials & Methods 

Mech. Eng. Mechanical Engineering 

Mech. Engr. (India). Mechanical En 
gineer, Bangalore, India (Journal of the 
Mechanical Engineering Society, Indian 
Institute of Science) 

Metal Treatment 

Metallurgia 

Miss. State U. Eng. Res. Sta. Res. Rep. 
Mississippi State University, Engineer 
ing Research Station, Research Re 
ports 

Mitteil. Max-Planck-Inst. fiir Strémungs- 
forschung. Mitteilungen aus dem Max 
Planck-Institut fiir Str6mungsforschung 
(Gottingen 

Modern Metals 

Motorola Newsgram 


Marconi Review 


N. C. State Coll., Eng. Sch. Bul. North 
Carolina State College, Engineering 
School Bulletin 

Natl. Acad. Sci, NRC Rep. National 
Academy of Sciences of the United 
States, National Research Council, Re 
ports 

Natl. Assn. State Av. Off. Papers. Na 
tional Association of State Aviation Of 
ficials, Papers 

Naval Av. News. 

Navigation 

Netherlands, Mathematisch Centrum, 
Amsterdam, Rep. ( Report) 

Netherlands, NLL Rep. (Rep. & Trans. 
Netherlands, Nationaal Luchtvaart 
laboratorium (National Aeronautical 
Research Institute), Amsterdam, R« 
ports (Reports and Transactions 

New Frontiers 

New Zealand Flying 

NFPA Bul.; Papers; Rep. National 
Fire Protection Association, Bulletins 
Papers; Reports 

NFPA Comm. Av. & Airport Fire Protec- 
tion Bul.; Rep. National Fire Protec 
tion Association, Committee on Avia 
tion and Airport Fire Protection, Bul 
letins; Reports 

North Amer. Av. Special Res. Rep. 
North American Aviation Corporation 
Special Research Reports 

NYU Res. Rev. New York University 
College of Engineering, Research Re 
view 


Naval Aviation News 


O. State U. Eng. Exp. Sta. News. The 
Ohio State University, Engineering E» 
periment Station, News 

Ordnance 

Ore. State Coll. Eng. Exp. Sta. Bul. 
Oregon State College, Engineering Ex 
periment Station, Bulletin 

Organic Finishing 

The Oscillographer 


Papers in Meteorology & Geophys. 
Papers in Meteorology and Geophysics 

Pegasus 

Philips Tech. Rev. Philips Technical R« 
view 


Philos. Mag. 


Philosophical Magazine 
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Curtiss-Wright 


ALT ENGEN EE RING 


Cuts Cost of 


WRIGHT J-65 Jet Engines 


BY USING 
DUCTILE IRON 


CURTISS-WRIGHT CORPORATION has slashed unit cost 
and made mass production possible by redesign of 
the center main bearing support... 


As originally designed experimentally abroad the 
part required 1200 hours machining time on a one- 
piece aluminum forging, using Keller duplicating 
machines. There weren’t enough duplicators in the 
United States to turn out the quantities required. But 
engineers from the WRIGHT AERONAUTICAL DIVISION 
of C-W simplified it into inner and outer rings of 
Ductile Iron. Weldability of Ductile Iron was utilized 
in joining ten “18-8” chromium-nickel stainless steel 
struts to the rings. 


Ductile Iron provides greater strength and tough- 
ness at moderately elevated temperatures. Moreover, 
it has good casting qualities and is readily machined. 
The rings are finish-machined to provide an air 
passage with an accuracy of .005”, and casting toler- 
ances are 0.030” on the 3-foot ring diameter. Eliminat- 
ing complex contour machining, the WRIGHT redesign 
accelerates output and helps reduce unit cost to about 
one-tenth that of carving supports from pancake 
forgings as was called for in the original design. 


Counsel and data on Ductile Iron are freely avail- 
able. Send us details of your prospective uses, so that 
we may offer a list of sources from some 100 author- 
ized foundries now producing 
DuctileIron under patent licenses. 
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Sapphire Turbo-Jet Engine Main Bearing Support 
original design, machined experimentally from a 
one-piece aluminum forging. 


The Redesigned Support is now used in WRIGHT J-65 
engines that power Republic Thunderstreak Fighters 
built by REPUBLIC AVIATIGN CORP. 


This assembled unit comprises (below) (a) inner 
ring and (b) outer ring, both cast in Ductile Iron 
by Engineered Casting Division of AMERICAN 
BRAKE SHOE COMPANY, Mahwah, N. J., connected 
with (c) struts of “18-8” stainless steel. 


(a) 


(b) 


(c) 


BAAR ARAAA 


THE INTERNATIONAL NICKEL COMPANY, INC. 


>) 
ig 
\ 
ep 
Re 
Ing 
ing Sa 
1 
ul 
ep |_| 


100 AERONAUTICAL ENGINEERING REVIEW 


Photogrammetria 

Photogrammetric Eng. Photogrammetric 
Engineering 

Photographic Eng. Photographic Eu 
gineering 

Princeton U. Aero. Eng. Lab. Rep. 
Princeton University, Aeronautical En 
gineering Laboratory, Report 

Proc. Cambridge Philos. Soc. Proceed 
ings Cambridge Philosophical Society 

Proc. IEE, PartI. Proceedings-of the In 
stitution of Electrical Engineers, Part I 
General) 

Proc. IEE, Part Il. Proceedings of the 
Institution of Electrical Engineers, 
Part II (Power Engineering) 

Proc. IEE, Part HI. Proceedings of the 
Institution of Electrical Engineers, 
Part III (Radio and Communication 
Engineering ) 

Proc. IRE. Proceedings of the Institute 
of Radio Engineers 

Proc. London Math. Soc., 2nd _ Ser. 
Proceedings of the London Mathemat 
ical Society, 2nd Series 

Proc. London Math. Soc., 3rd_ Ser. 
Proceedings of the London Mathemat 
ical Society, 3rd Series 

Proc. Royal Soc. (Edinburgh). Proceed 
ings of the Royal Society (Edinburgh) 

Proc. Royal Soc. (London), Ser. A. 
Proceedings of the Royal Society (Lon- 
don), Series A (Mathematical and 
Physical Sciences ) 

Prod. Eng. Product Engineering 

Prof. Engr. Professional Engineer 

Purdue U.TR. Purdue University, Tech 
nical Reports 


Quadrangle 
Quart. Appl. Math. Quarterly of Applied 
Mathematics 


Quart. J. Mech. & Appl. Math. Quarterly 
Journal of Mechanics and Applied 
Mathematics 


Radio & TV News. Radio & Television 
News 

Radio-Electronic Eng. Sect. Radio-Elec 
tronic Engineering Section, In: Radio 
& TV News 

Radio Tech. Comm. Aeronautics, Papers. 
Radio Technical Commission for Aero 
nautics 

RAND Corp. Transl The RANI) Cor 
poration, Translations 

RCA Rev. RCA Review 

La Recherche Aéronautique (Paris) 

Republic Av. Rep. Republic Aviation 
Corporation, Reports 

Rev. Sci. Instr. Review of Scientific 
Instruments 

Revista de Aeronautica (Madrid } 

Reynolds Metals Tech. Adviser. Revyn 
olds Metals Technical Adviser 

La Ricerca Sci. La Ricerca Scientifica 
Rome ) 

Rivista Aeronautica (Rome ) 

Rockets 

Rolls-Royce Bul. Rolls-Royce Bulletin 

Ryan Reporter 


Saab Sonics (Sweden 

Saab TN. Saab Technical Notes 

SAE Aero. Info. Rep. Society of Autemo 
tive Engineers, Aeronautical Informa 
tion Report 


SAE J. SAE Journal 

SAE Preprints. Society of Automotive 
Engineers, Preprints 

Sailplane & Glider. 

Saro Prog. Saro Progress 

Sheet Metal Ind. Sheet Metal Industries 

Shell Av. News. Shell Aviation News 

Skyline. (North American Aviation, Inc. ) 

Skyways 

Soaring 

Solar Blast 

SPE J. Society of Plastics Engineers, 
Journal 

Sperry Gyroscope Rep. Sperry Gyro 
scope Company, Reports 

Sperry Rev. Sperry Review 

Sperryscope 

Stanford Res. Inst. Res. Ind. 
Research Institute, 
dustry 

State Coll. Ia. Eng. Exp. Sta. TR. State 
College of Iowa, Engineering Experi 
ment Station, Technical Reports 

Steel Horizons 

Steel Processing 

Stockholm, Kungliga Tekniska Hégskolan, 
Inst. for Flygteknik, TN. Stockholm, 
Kungliga Tekniske Hdégskola, Institu 
tionen for Flygteknik, Technical Notes 

Structural Engr. Assn. Calif. Rep. Struc 
tural Engineers Association of Califor 
nia, Reports 


Sweden, Flygtekniska Férséksanstalten, 
FFA Meddelande 


Stanford 
Research for In 


Taylor Tech. Taylor Technology 

Tech. et Sci. Aéronautiques. Technique 
et Science Aéronautiques (Paris) 

Tech. Rev. Technology Review 

Tele-Tech 

Tool Engr. Tool Engineer 

Trans. ASME. Transactions of the Amer 
ican Society of Mechanical Engineers 

Trans. Inst. Welding. Transactions of 
the Institute of Welding 

Trans. Soc. Inst. Tech. Transactions of 
the Society of Instrument Technology 

Transp. & Commun. Rev. Transport 
and Communications Review 

Transport (India 

Trend in Eng. The Trend in Engineering 


U. Ark. Engr. Exp. Sta. Bul. University 
of Arkansas, Engineering Experiment 
Station Bulletin 

U. Calif. Pubs. in Eng. University of 
California, Publications in Engineering 

U. Ill. Bul. University of Illinois, Bulle 
tins 

U. Ill. Eng. Exp. Sta. Bul.; TR. Univer 
sity of Illinois, Engineering Experiment 
Station Bulletin; Technical Report 

U. Mich. Eng. Res. Inst. Rep. University 
of Michigan, Engineering Research In 
stitute, Report 

U. Minn. Inst. Tech. Dept. Aero. Eng., 
Res. Rep. University of Minnesota, 
Institute of Technology, Department of 
Aeronautical Engineering, Research Re 
ports 

U. Toronto Inst. Aerophys. Rev.; Rep. 
University of Toronto, Institute of 
Aerophysics, Review; Reports 

U. Wash. Eng. Exp. Sta. Bul.; Reprints. 
University of Washington, Engineering 
Experiment Station, Bulletins, Re 
prints 
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U. Wis. NRL Dept. Chem. Rep. Univer 
sity of Wisconsin, Naval Research 
Laboratory, Department of Chemistry, 
Reports 

United Air Lines News 

U.S., Bur. Mines Bul.; Rep. Invest. 
United States, Bureau of Mines, Bul 
letin; Report of Investigations 

U.S., CAA TDR. United States, Civil 
Aeronautics Administration, Technical 
Development Reports 

U.S., Forest Prod. Lab. Rep. United 
States, Forest Products Laboratory 
Madison, Wis., Reports 

U.S., NACA Rep.; RM; TM; TN. 
United States, National Advisory Com 
mittee for Acronautics, Report; Re 
search Memorandum; Technical Mem 
orandum; Technical Notes 

U.S., NAES Rep. United States, Naval 

Air Experiment Station, Reports 

NAVORD Rep. United States 

Naval Ordnance, Reports 

.S., Navy Dept. BuAer RDR. United 

States, Navy Department, Bureau of 

Aeronautics, Research Division Reports 

U.S., Navy Dept., David W. Taylor Model 
Basin, Rep.; Transl. United States, 
Navy Department, David W. Taylor 
Model Basin, Reports; Translations 

U.S., NBS J. Res. United States, Na 
tional Bureau of Standards, Journal of 
Research 

U.S., NBS Sum. TR. United States, Na 
tional Bureau of Standards, Summary 
Technical Reports 

U.S., NBS Tech. News Bul. United 
States, National Bureau of Standards, 
Technical News Bulletin 

U.S., NRL Rep. United States, Naval 
Research Laboratory, Reports 

U.S., ONR Res. Rep. United States, 
Office of Naval Research (monthly 
Research Report 

U.S., ONR Special Devices Cen. TR. 
United States, Office of Naval Research, 
Special Devices Center, Technical Re 
ports 

U.S., Weather Bur. Mo. Weather Rev. 
United States, Weather Bureau, 
Monthly Weather Review 

USAF AMC Eng. Div. Aero Med. Lab. 
TR. United States Air Force, Air Ma 
teriel Command, Engineering Division 
Aero Medical Laboratory, Technical 
Reports 

USAF APG Rep. United States Air 
Force, Air Proving Ground, Reports 

USAF MATS Rep.; Papers. United 
States Air Force, Military Air Transport 
Service, Reports; Papers 

USAF SAM Rep. United States Air 
Force, School of Aviation Medicine, 
Reports 

USAF TR. United States Air Force, 
Technical Reports 

U.S. Air Serv. U.S. Air Services 

U.S. Armed Forces Med. J. United 
States Armed Forces Medical Journal 

U.S. AEC Rep. United States Atomi 
Energy Commission, Reports 

U.S. Naval Inst. Proc. United Stat 
Naval Institute Proceedings 


VPI Eng. Exp. Sta. Ser. Bul. Virginia 
Polytechnic Institute, Engineering Ex 
periment Station Series Bulletin 


W. U. Tech. Rev. Western Union Tech 


nical Review 
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Backing up everything we make... 
AiRESEARCH WORLD-WIDE SERVICE 


Today, AiResearch is producing more than 750 indi- 
vidual aircraft accessories! These precision products, 
which are combined into complete systems or utilized 
as individual units, are on almost every U.S. commer- 
cial and military plane. Our Customer Service organi- 
zation of 242 people operates to back up our products 
anywhere in the world! 


What AiResearch service provides: 


e A staff of thirty-six technicians who are perma- 
nently located with the armed forces and with air- 


line and airframe companies throughout the world. 

e Eight roving trouble-shooter specialists in the field 
at home and abroad. 

e A “Headquarters” engineering group for immediate 
advice and action on customer problems. 

e Product training of customer personnel at 
AiResearch (25,000 hours annually) or at the 
customer's location. 

e Accredited overhaul and service agencies through- 
out the United States, the British Isles and Europe. 


{iResearch Manutacturing Company- 


A DIVISION OF THE GARRETT CORPORATION. 


LOS ANGELES 45, CALIFORNIA * PHOENIX, ARIZONA 


DESIGNER AND MANUFACTURER OF AIRCRAFT EQUIPMENT IN THESE MAJOR CATEGORIES 


Ait Turbine Refrigeration Heat Transfer Equipment Electric Actuators Gas Turbines Cabin Superchargers Pneumatic Power Units Electronic Controls Cabin Pressure Controls Temperature Controls 
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Welding J. Welding Journal 

Welding J. Res. Suppl. Welding Jour- 
nal, Research Supplement 

Welding Res. Welding Research (Lon- 
don ) 

Weltraumfahrt (Frankfurt am Main) 

Western Av. Western Aviation 

Westinghouse Engr. 
gineer 

Whites’ Av. Whites’ Aviation 

Wireless World 

WMO Bul. World 


ganization Bulletin 


Westinghouse En- 


Meteorological Or- 


ZAMM. Zeitschrift fiir angewandte 
Mathematik und Mechanik (Berlin) 
ZAMP. Zeitshrift fiir angewandte Math- 

ematik und Physik (Zurich) 

ZFW. Zeitschrift fiir Flugwissenschaften 
( Braunschweig ) 

Zurich, ETH Inst. fir Aerodynamik, 
Mitteilungen. Zurich, Eidgendssische 
Technische Hochschule, Institut fiir 
Aerodynamik, Mitteilungen (Switzer- 
land) 


Aerodynamics 


Boundary Layer & Thermoaerodynamics 


The Asymptotic Theory of Boundary- 
layer Flow with Suction. I—The Theory 
of Similar Velocity Distributions. II 
Flow with Uniform Suction. III—Flow 
with Variation of Suction Velocity. E. J. 


Watson. Gt. Brit., ARC R&M 2619 
(Sept. 1947), 1952. 45 pp. BIS, New 


York. $2.85. 

Calculation Method for Three-Dimen- 
sional Rotationally Symmetrical Laminar 
Boundary Layers with Arbitrary Free- 
Stream Velocity and Arbitrary Wall- 
Temperature Variation. Robert M. 
Drake, Jr. J. Aero Sci., May, 1953, p. 309. 

Effect of Thermal Properties on Lami- 
nar - Boundary - Layer Characteristics. 
E. B. Klunker and F. Edward McLean. 
U.S., NACA TN 2916, Mar., 1953. 29 
pp. 

Experimental Investigation of the 
Characteristics of the Supersonic Laminar 
and Turbulent Boundary Layer at M = 
3.1. W. S. Bradfield, D. G. Decoursin, 
and C. B. Blumer. JAS Preprint 411, 
Jan., 19538. 36 pp. Members, $0.65; 
nonmembers, $1.00. 

The Laminar Boundary Layer Associ- 
ated with the Retarded Flow of a Com- 
pressible Fluid. C. R. Illingworth. Gt. 
Brit. ARC R&M 2590 (August, 1946), 
1953. 23 pp. BIS, New York. $1.50. 

The Laminar Boundary Layer in Slip 
Flow. T. Nonweiler. Coll. of Aeronau- 
tics, Cranfield, Rep.62, Nov., 1952. 59 pp. 

A Modified Reynolds Analogy for the 
Compressible Turbulent Boundary Layer 
on a Flat Plate. Morris W. Rubesin. 
U.S., NACA TN 2917, Mar., 1953. 23 
pp. 

Note on Aerodynamic Heating with a 
Variable Surface Temperature. A. E. 
Bryson. Quart. Appl. Math., Oct., 1952, 
p. 2738. 

Shock-Wave Effects on the Laminar 
Skin Friction of an Insulated Flat Plate at 
Hypersonic Speeds. Ting-Yi Li and 
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H. T. Nagamatsu. J 
1953, p. 345. 

Some Effects of Surface Curvature on 
Laminar Boundary-Layer Flow. 
S. Murphy. J. Aero. Sci 
338. 


Aero. Sci., May, 


James 
, May, 1953, p 


Fluid Mechanics & Aerodynamic Theory 


On Axially Symmetric Flow and the 
Method of Generalized Electrostatics. 
L. E. Payne. Quart ppl. Math., Oct., 
1952, p. 197. 

Direct-Force Measurement of Turbu- 
lent Skin Friction on Cylinders in Axial 
Flow at Subsonic and Supersonic Veloci- 
ties. Dean R. Chapman and _ Robert 


H. Kester. JAS Preprint 391, Jan., 1953. 
20 pp. Members, $0.35; nonmembers, 


$0.75. 

On Taylor’s Hypothesis and the Ac- 
celeration Terms in the Navier-Stokes 
Equations. C. C. Lin. Quart. Appl. 
Math., Jan., 1953, p. 295 

The Potential and Field of Flow (In- 
duced Velocity) of a Plane Vortex. J. 
Lockwood Taylor. J. RAeS, Mar., 1953, 
p. 179. 

The Stability of Viscous Flow Between 
Rotating Cylinders in the Presence of a 
Magnetic Field. S. Chandrasekhar 
Proc. Royal Soc. (London), Ser. A, Feb 
10, 1953, p. 293. 

Symmetric Turbulent Mixing of Two 
Parallel Streams. T. P. Torda, W. O. 
Ackermann, and H. R. Burnett. J. Appl. 
Mech., Mar., 1953, p. 63. 

Theory of the Flow of Incompressible 
Inviscid Fluids. L. M. Milne-Thomson. 
Appl. Mech. Rev., Mar., 1953, p. 105. 126 
refs. 

Two New Non-Linearized Conical 
Flows. J.H.Giese and H. Cohn. Quart 
Appl. Math., Apr., 1953, p. 101. 

The Calculation of Pressure on Slender 
Airplanes in Subsonic and Supersonic 
Flow. Max A. Heaslet and Harvard 
Lomax. U.S., NACA TN 2900, Mar., 
1953. 25 pp. 

The Flexural Response of a Submerged 
Solid to a Pulsating Gas Bubble. 
Chertock. J. Appl 
192. 

The Motion of a Sphere Moving Parallel 
to a Plane Boundary. F. C. Karal. / 
A ppl. Phys., Feb., 1953, p. 147. 

Supersonic Flow About Slender Bodies 
of Elliptic Cross-Section. A. Kahane and 
A. Solarski. JAS Preprint 397, Jan., 
1953. 42 pp. Members, 
members, $1.00 

Processes of Convection and Evapora- 
tion. E.G. Richardson. Brit. J. Appl 
Phys., Mar., 1953, p. 65. Fluid dynamics 
studies. 

Survey of Friction Coefficients, Recovery 
Factors, and Heat-Transfer Coefficients 
for Supersonic Flow. Joseph Kaye. JAS 
Preprint 389, Jan., 1958. 32 pp. Mem- 
bers, $0.65; nonmembers, $1.00. 

An Application of the Method of Charac- 
teristics to Two-Dimensional Transonic 
Flows with Detached Shock Waves. 


George 
Phys., Feb., 1953, p 


$0.65; non 


Keith C. Harder and E. B. Klunker 
U.S., NACA TN 2910, Mar., 1953. 16 
pp. 


The Decay of 
Chester. Quart. J 
Dec., 1952, p. 498 


Shock Waves. W 
Mech. & Appl. Math., 
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Limiting Conditions for Jet Formation 
in High Velocity Collisions. J. M. Walsh, 
R. G. Shreffler, and F. J. Willig. J. App 
Phys., Mar., 1953, p. 349. Compressibk 
fluid hydrodynamics problem. 

Shock Wave Effects on the Laminar 
Skin Friction of an Insulated Flat Plate at 


Hypersonic Speeds. Ting-Yi Li and 
H. T. Nagamatsu. GALCIT Memo. 9, 
July 1, 1952. 39 pp. 


Conical Potential Solutions in Line- 
arized Supersonic Flow. 
kawa. 


George Mori 
J. Aero. Sci., Apr., 1953, p. 288 

On the Solution of Trans-Sonic Flow 
Using Laplace Transformation. T. Sasaki 
Japan, NCB Rep. 5, June, 1952 4 pp 

Mass Transfer between Solid Wall and 
Fluid Streams. I—Mechanism and Eddy 
Distribution Relationships in Turbulent 
Flow. Il—Interferometric Measurements 
of Concentration Profiles in Turbulent 
and Streamline Flow. C.S. Lin, R. W 
Moulton, and G. L. Putnam. IJnd. & 
Eng. Chem., Mar., 1958, p. 6386 

Materiai Transfer in Turbulent Gas 
Streams; Concentric Flow. W. G 
Schlinger and B. H. Sage. Ind. & Eng 
Chem., Mar., 1953, p. 657. 

On Mapping and Measurement of Ran- 
dom Fields. Mahinder S. Uberoi and 
Leslie S. G. Kovasznay. A ppl 
Math., Jan., 1958, p. 375. 

On the Development of Turbulent 


Quart 


Wakes from Vortex Streets. Anatol 
Roshko. U.S., NACA TN 2913, Mar., 
1953. 77 pp. 


On the Spectrum of Energy in Turbu- 
lent Shear Flow. C. M. Tchen. U.S, 
NBS J. Res., Jan., 1953, p. 51. (Also 
available as Res. Paper 2388. Supt. of 
Doc., Wash. $0.15.) 

Recommended Definition of Turbulent 
Friction in Incompressible Fluids. F. W 
S. Locke, Jr. U.S., Navy Dept. BuAer 
RDR 1415, June, 1952. 25 pp 

Temperature Gradients in Turbulent 
Gas Streams; Measurement of Tempera- 
ture, Energy, and Pressure Gradients. 
W.G. Schlinger, N. T. Hsu, S. D. Cavers, 
and B.H.Sage. Ind. & Eng. Chem., Apr., 
1953, p. 864. 

Temperature Gradients in Turbulent 
Gas Streams; Nonuniform Flow. W.G 
Schlinger, V. J. Berry, J. L. Mason, and 
B. H. Sage. Ind. & Eng. Chem., Mar., 


1953, p. 662. 
Internal Flow 


Aerodynamic Interference Between 
Moving Blade Rows. Nelson H. Kemp 
and W.R. Sears. JAS Preprint 403, Jan., 
1953. 40 pp. Members, $0.65; non 
members, $1.00. 

Direct Determination of the Flow 
Curves of Non-Newtonian Fluids. II 
Shearing Rate in the Concentric Cylinder 
Viscometer. Irvin M. Krieger and Harold 
Elrod. J. Appl. Phys., Feb., 1953, p. 134 

Smoke Studies of Secondary Flows in 
Bends, Tandem Cascades, and High- 
Turning Configurations. Arthur G. Han 
sen, Howard Z. Herzig, and George R 
Costello. U.S., NACA RM _ E52L24a, 
Mar. 11, 1953. 33 pp. 

Study of Secondary-Flow Patterns in an 
Annular Cascade of Turbine Nozzle 
Blades with Vortex Design. Harold E 
Rohlik, Hubert W. Allen, and Howard Z 
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McDONNELL F2H BANSHEES — Outstanding Navy Fighters | 


CORNELIUS PNEUMATIC SYSTEMS 


Contribute to the Outstanding Success of 


MDONNELT, 


Cornelius Air Compressors 

on all production airplanes FIGHTERS 
since 1948. Constant use, 

month after month, demonstrates the reliability of Cornelius 
products. Since 1942 Cornelius has built thousands of high 
pressure air compressors for 
the leading aircraft manu- 
facturers, Navy and Air 
Force. Profit from this ex- 
perience —write to us about 
your pneumatic equipment 


requirements. 

THE 0 

CORNELIUS COMPRESSOR 
4CFM . . . 3000 PSI 

Powered by integral hydraulic 
motor. Other models available 
with various pumping capaci- 
ties. All compressors can be COMPANY 
furnished with either hy- MINNEAPOLIS 21, MINNESOTA 
draulic motors, DC electric 
motors or AC 400 cycle motors. Pioneers in the Development of 
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Herzig. U.S.. NACA TN 2909, Feb., 
1953. 29 pp. 

On Asymmetric Flow in an Axial-Flow 
Compressor Stage. W. R. Sears. J 
Appl. Mech., Mar., 1953, p. 57 

Some Stall and Surge Phenomena in 
Axial-Flow Compressors. Merle C. Hup 
pert and William A. Benser. JAS Pre 
print 414,1953. 31 pp. Members, $0.35; 
nonmembers $0.75. 

Attenuation in the Shock Tube. R. |] 
Emrich and C. W. Curtis. J. Appl 
Phys., Mar., 1953, p. 360. 

On Turbulent Flow Between Parallel 
Plates. S.I. Pai. J. Appl. Mech., Mar., 
1953, p. 109. 

Primary Warping Constant for a Lipped 
Channel Section. L.H. Mitchell. Ax 
tralia, ARL S&M TM 30, Oct., 1952. 3 
pp. 

The Resistance to Air Flow of Wire 
Gauzes. W. J. D. Annand. J. RAeS., 
Mar., 1953, p. 141. 

The Aerodynamic Design and Calibra- 
tion of an Asymmetric Variable Mach 
Number Nozzle with a Sliding Block for 
the Mach Number Range 1.27 to 2.75. 
Paige B. Burbank and Robert W. Byrne 
(U.S., NACA RM L50L15, 1951 U:S., 
NACA TN 2921, Apr., 1953. 37 pp 

The ‘‘Aerojet Venturi’? Micro-Mist 
Purifier. R. M. G. Boucher Chaleur 
et Industrie, Nov., Dec., 1952, pp. 363; 
125.) Engr. Dig., Feb., 1953, p. 54 

The Asymmetric Adjustable Super- 
sonic Nozzle for Wind-Tunnel Applica- 
tion. H. Julian Allen. U.S., NACA TN 
2919, Mar., 1958. 30 pp. 

The Design of Jet Ejectors. M. Medici 
(11 Calore, Nov., 1952, p. 556.) Engr. Dig., 
Feb., 1953, p. 51. 

The Design of Variable Mach Number 
Asymmetric Supersonic Nozzles by Two 
Procedures Employing Inclined and Curved 
Sonic Lines. Clarence A. Syvertson and 
Raymond C. Savin. U.S., NACA TN 
2922, Mar., 1953. 35 pp. 


Performance 


Measurements of Flying Qualities of an 
F47-D-30 Airplane to Determine Longi- 
tudinal Stability and Control and Stalling 
Characteristics. Christopher C. kraft, 
Jr., R. Fabian Goranson, and John P 
Reeder. (U.S., NACA RM SLS8AO6, 
1948.) U.S., NACA TN 2899, Feb., 
1953. 75 pp. 

Minimum Comfortable Cruising Speed. 
C.F.Toms. J. RAeS, Mar., 1953, p. 180 


Stability & Control 


Braking the Landing Run of Jet Aircraft 
by Thrust Deviation. K.Iserland. /nter 
avia, No. 3, 1953, p. 151. 

A Note on the Damping in Roll of a 
Cruciform Winged Body. John W. Miles 
Quart. Appl. Math., Oct., 1952, p. 276 

Some Basic Concepts for Analyzing 
Dynamic Flight Test Data. Harold Klein 
and Raymond Sedney. Douglus Ref 
SM-14511, Oct., 1952. 33 pp. (Also 
available as TAS Preprint 392, Jan., 1953 
Members, $0.50; nonmembers, $0.85 

A Low-Speed Experimental Study of 
the Directional Characteristics of a Sharp- 
Nosed Fuselage Through a Large Angle- 
of-Attack Range at Zero Angle of Sideslip. 
William Letko. U.S., NACA TN 2911, 
Mar., 1953. 27 pp. 
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No. 2, 11!/2-ft Wind-Tunnel Tests of a 
Small Span, Small Chord Double Aileron 
for Use as a Lateral Control on a High-Lift 
Aircraft. A. D. Young and W. S. D. 
Marshall. Gt. Brit., ARC R&M 2536 
(Feb. 7, 1946), 1952. 382 pp. BIS, New 
York. $1.90. 

Matrix Methods for Determining the 
Longitudinal-Stability Derivatives of an 
Airplane from Transient Flight Data. 
James J. Donegan. U.S., NACA TN 
2902, Mar., 1953. 685 pp. 

Studies of Some Effects of Airplane 
Configuration on the Response to Longi- 
tudinal Control in Landing Approaches. 
Ralph W. Stone, Jr., and William Bihrle, 
Jr. IAS Preprint 404, Jan., 1953. 24 pp. 
Members, $0.50; nonmembers, $0.85. 


Wings & Airfoils 


Aerodynamic Coefficients of an Oscil- 
lating Aerofoil with a Pressure-Seal Bal- 
anced Aileron. A. I. v. d. Vooren and 
J. Yff. Netherlands, NLL Rep. F.115, 
Sept. 25, 1952. 17 pp. 

Effect of Horizontal-Tail Span and Ver- 
tical Location on the Aerodynamic Charac- 
teristics of an Unswept Tail Assembly in 
Sideslip. Donald R.Riley. U.S., NACA 
TN 2907, Feb., 1953. 39 pp 

Examples of Drag Reduction for Rec- 
tangular Wings. Kelsey Walker, Jr. 
Douglas Rep. SM 14446, Jan. 15, 1958. 
49 pp. 

The Length of Aerofoil Curved Surfaces: 
A Method for the Rapid Calculation of the 
Length of the Periphery of an Aerofoil Sur- 
face. V. M. Falkner. Aircraft Eng., 
Mar., 1953, p. 72. 

The Scope and Accuracy of Vortex 
Lattice Theory. V. M. Falkner. Gf. 
Brit., ARC R&M 2740 (Oct., 1949), 1952. 
30 pp. BIS, New York. $1.80. 

Survey of Transition Point Measure- 
ments at the N.L.L., Mainly for Two- 
Dimensional Flow over a N.A.C.A. 0018 
Profile. H. Wijker. Netherlands, NLL 
Rep. A.1269 (Rep. & Trans.), 1951. 14 
pp. 

The Asymptotic Behaviour of the Indi- 
cial Lift Function in Subsonic Compres- 
sible Flow. J. R. M. Radok. Nether- 
lands, NLL Rep. F.106, Sept., 1951. 6pp. 

Some Aerodynamic Effects of Stream- 
wise Gaps in Low-Aspect-Ratio Lifting 
Surfaces at Supersonic Speeds. Z. O. 
Bleviss and R. A. Struble. JAS Preprint 
396, Jan., 1953. 42pp. Members, $0.65; 
nonmembers, $1.00. 

A General Solution for the Rectangular 
Airfoil in Supersonic Flow. John W. 
Miles. Quart. Appl. Math., Apr., 1953, 
p. 1. 

Non-Uniform Supersonic Flow. A. 
Robinson. Quart. Appl. Math., Jan., 
1953, p. 307. Expressions for the pres- 
sure distribution around an airfoil. 

An Analysis of the Factors Affecting the 
Loss in Lift and Shift in Aerodynamic 
Center Produced by the Distortion of a 
Swept Wing Under Aerodynamic Load. 
Charles W. Mathews and Max C. Kurbjun. 
U.S., NACA TN 2901, Mar., 1953. 65 
pp. 

The Deformation Analysis of Tapered 
Swept Wings. A. H. Hall. Canada, 
NAE LR-44, Dec. 10, 1952. 29 pp. 
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Examples of Drag Reduction for Delta 
Wings. Beverly Beane. Douglas Rep. 
SM-14447, Jan. 12, 1953. 42 pp. 

Flutter and Divergence of Swept-back 
and Swept-forward Wings. A. W. Babis- 
ter. Gt. Brit., ARC R&M 2761 (June, 
1950), 19538. 13 pp. BIS, New York. 
$1.00. 

Resolution of Velocity for the Swept- 
Back Wing at Incidence. C.H. McKoen. 
J. RAeS, Mar., 1953, p. 177. 

Theoretical Calculation of the Pressure 
Distribution, Span Loading, and Rolling 
Moment due to Sideslip at Supersonic 
Speeds for Thin Sweptback Tapered 
Wings with Supersonic Trailing Edges 
and Wing Tips Parallel to the Axis of Wing 
Symmetry. Kenneth Margolis, Windsor 
L. Sherman, and Margery E. Hannah. 
U.S., NACA TN 2898, Feb., 1953. 70 
pp. 

Comments on the Aerodynamics of Low 
Aspect Ratio Wing-Body-Tail Combina- 
tions in Steady Supersonic Flow. G. V. 
Bull. U. Toronto Inst. Aerophys. Rev. 
6, Dec., 1952. 50 pp. 

The Lift and Moment of Slender Ellip- 
tical Cross-Section, Body-Wing and Fin 
Combinations. A.Kahane. Republic Av. 
Corp. Rep. EDR-57-152, Nov. 19, 1952. 
34 pp. 

Theoretical Antisymmetric Span Load- 
ing for Wings of Arbitrary Plan Form at 
Subsonic Speeds. John DeYoung. 
(U.S., NACA TN 2140, 1950.) U.S., 
NACA Rep. 1056, 1951. 36 pp. Supt. 
of Doc., Wash. $0.30. 


Aeroelasticity 


The Elastic Axes of a One-Mass Elas- 
tically Supported System. J. J. Slade, 
Jr. Quart. Appl. Math., Oct., 1952, p. 
278. 

Parameters for Use in Buffeting Flight 
Tests. H.W. Liepmann. Douglas Rep. 
SM 14631, Jan. 3, 1953. 8 pp 

Stall-Flutter in Cascades. Fernando 
Sisto. IAS Preprint 402, Jan., 1953. 17 
pp. Members, $0.35; nonmembers, 
$0.75. 

Stability Investigation of the Nonlinear 
Periodic Oscillations. Chihiro Hayashi. 
J. Appl. Phys., Mar., 1953, p. 344. 

Statistical Aspects of Dynamic Loads. 
Y. C. Fung. J. Aero. Sci., May, 1953, p. 
317. 

A Comprehensive Stability Criterion for 
Forced Vibrations in Nonlinear Systems. 
kK. Klotter and E. Pinney. J. Appl. 
Mech., Mar., 1953, p. 9. 

An Experimental Study of Natural 
Vibrations of Cantilevered Triangular 
Plates. P. N. Gustavson, W. F. Stokey, 
and C. F. Zorowski. J. Aero. Sci., May, 
1953, p. 331. 

The Forced Oscillation of the Centrif- 
ugal Pendulum With Wide Angles. 
F. R. E. Crossley. J. Appl. Mech., Mar., 
1953, p. 41. Use as a dynamic damper of 
torsional oscillation in a rotor. 

Nodal Lines of a Vibrating Plate. R. J. 
Duffin. J. Math. & Phys., Jan., 1953, p. 
294. 

Numerical Analysis of Forced Vibrations 
of Beams. N. O. Myklestad. J. Appl. 
Mech., Mar., 1953, p. 53. 

On the Relationship Between the 
Martiensson and Duffing Methods for 
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Nonlinear Vibrations. Robert E. Rober- 
son. Quart. Appl. Math., Oct., 1952, p. 
270. 

Semi-Graphical Method for the Study 
of Vibrating Systems with Vibration 
Dampers. W. Kurzemann. (Maschinen- 
bau und Warmewirtschaft, Dec., 1952, p. 
197.) Engr. Dig., Mar., 1953, p. 78. 


Aeronautics, General 


I.A.S. 21st Annual Meeting; Summary 
of Technical Sessions. Aero. Eng. Rev., 
Apr., 1953, p. 28 


Air Transportation 


The Essential Role of Large Irregular 
Air Carriers. Charles R. Cherington. J. 
Air Law & Commerce, Autumn, 1952, p 
411. 

Status of the Turbine-Powered Trans- 
port in the United States—Airline View- 
point. Milton W. Arnold. (JAS Sect. 
Meeting, Wash., Feb. 3, 1958.) ATA 
Paper, 1953. 9 pp 

Technical Trends in Air Transport. 
William Littlewood. (16th Wright Broth- 
ers Lecture.) J. Aero. Sci., Apr., 1953, p. 
225; Discussion, p. 268; Author's Reply, 
Di. 


Airplane Design 
The Bombers of England. D. M. De- 


soutter. Aeronautics, Feb., 19538, p. 32 
H.P.-89 compared with the Valiant and 
the Vulcan. 


14th Annual Directory Issue. Acro 
Dig., Mar., 1953. 196 pp. Specs. and 
performance of various types of aircraft, 
helicopters, and engines; indexes of manu- 
facturers; equipment and supply data. 

The Initiative in Airliner Design. 
Elizabeth M. G. MacGill. Eng. J., Feb. 
1953, p. 91. 

Inside Story. Henry Dreyfuss. Flight 
Lines, Jan. 1953, p. 1. Lockheed Super 
Constellation’s interior design require- 
ments. 

Our New Airliners: First Results of the 
New British Formula for Developing Civil 
Aircraft. S. Scott Hall. Aeronautics, 
Mar., 1953, p. 28. 

Project Aerodynamics. H. k. Millicer 
Aircraft (Australia), Nov., 1952, p. 32. 
Suggestions for the aerodynamicist in de- 
signing aircraft. 

Specific Studies of Airplane Growth. 
Ivan H. Driggs U.S., Navy Dept., 
BuAer RDR 1436, Oct., 1952. 14 pp. 

Turbine-Powered Commercial Aircraft. 
Louis Bréguet. Jnteravia, No. 2, 1958, p. 
68. 

Aircraft Cabin Temperature Control 
Systems. Secor D. Browne. Instruments 
(J. ISA), Feb., 1953, p. 269. 

Lighting Pattern Distortion Caused by 
Rain on an Airplane Windshield. Arthur 
T. Tiedemann. U.S., CAA TDR 189, 
Jan., 1953. 9pp. 

The Seed That Became a Tree. Alex- 
ander M. Lippisch. Collins Signal, Winter, 
1953, p. 7. (Also in Soaring, Mar.-Apr., 
1953, p. 3.) Evolution of the delta-wing 
design. 
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eee precision industry 


To serve this great industry 
a manufacturer must maintain the best and 
most modern equipment available, operate 
it with skilled craftsmen, and use every 
existing method of tightening specifications 
and cutting production costs. Indiana Gear 

is such a manufacturer—a company 

of craftsmen producing fine quality 


transmissions and actuators for industry. 


This is the control panel room 
in l. G. W.'s ultra modern 


heat-treating department — (Os 
one of the contributing fac- 3K } 


tors to Indiana Gear's unique 


ability to create hard-to-make 
parts to exacting specifica- 


INDIANA GEAR 


INDIANA GEAR WORKS, INC.* INDIANAPOLIS 7, INDIANA 


JUNE, 1953 


Airports 


A Terminal Airport for Jet Operations. 
A. Hepburn. Aircraft (Australia), Nov., 
1952, p. 36. Australian Department of 
Civil Aviation’s plan. 


Aviation Medicine 


Air Crew Composition Research. John 
kK. Hemphill. Ohio State U. Eng. Ext 
Sta. News, Dec., 1952, p. 21. 

The Biological and Medical Aspects of 
Ionizing Radiation. III—-The Immediate 
Effect of X-radiation on the Isolated 
Striated Frog Muscle. Herbert B. Gerst 
ner, Charles P. Powell, and Everett O 
Richey USAF SAM 21-47-0035 Rep. 8, 
Oct., 1952. 9 pp. 

The Concept of Weight in Aviation. 
Heinz Haber. J. Av. Med., Dec., 1952, 
p. 594. 

Effectiveness of Various Drugs in Pre- 
vention of Airsickness. IX—Protection of 
Airborne Troops. Herman I. Chinn, W.R 
Gammon, and M. E. Frantz. USAT 
SAM 21-32-014 Rep. 9, Dec., 1952 
pp. 

Fatigue. Gilbert L. Adamson. J. A: 
Med., Dec., 1952, p. 584. 

Forces Produced in the Thorax by Ex- 
plosive Decompression. Edwin G. Vail 
J. Av. Med., Dec., 1952, p. 577. 

A Research Program to Develop Psy- 
chiatric Selection of Flying Personnel. 
I—Theoretical Approach and Research 
Design. S. B. Sells and J. R. Barry. J 
Av. Med., Feb., 1953, p. 29. 

Spatial Vector Analysis of the Electro- 
cardiogram during Exposure to Positive 
Acceleration. William W. Pryor, Herbert 
O. Sieker, and Robert L. McWhorter 
Av. Med., Dec., 1952, p. 550. 

Studies on the Ease With Which Pilots 
Can Grasp and Pull the Ejection Seat 
Face Curtain Handles. Leroy B. Coch 
ran. J. Av. Med., Feb., 1953, p. 23 

Variations of the Rate of Sanguine 
Eosinophiles of Man Submitted to an 
Ultra-Sonorous Vibration of the Same 
Characteristics as that Produced by Cer- 
tain Turbo-Reactors. P. A. Grognot. / 
Av. Med., Feb., 1953, p. 73. 

Automatic Resuscitator,. Henry W 
Seeler and Donald R. Good. J. Az 
\ifed., Feb., 1953, p. 68. 

Electrocardiographic Studies on Human 
Subjects Breathing Oxygen at Extremely 
High Pressures. David I. Mahoney and 
James V. Kennedy. J. Av. Med., Dec., 
1952, p. 560 

Involuntary Hyperventilation During 
Pressure Breathing at 43,000 Feet. Ar 
thur L. Hall. J. Av. AMed., Feb., 1953, p 
14. 

Eye Movements during Radar Opera- 
tions. Siegfried J. Gerathewoh). J. A: 
\Wed., Dec., 1952, p. 597. 

Pilot Vision from the Prone Position in 
Fighter Aircraft. G. O. Emerson. J 
Av. Med., Dec., 1952, p. 608. 

Problems of Depth Perception in Monoc- 
ular and Binocular Flying. Paul A. Cibis 
J. Av. Med., Dec., 1952, p. 612. 

The Sensory Illusions of Pilots. P. P 
Cocquyt. Flight Safety Foundation, Paper, 
July, 1951. 20 pp. 
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Factors in Control Design. Daniel 
Howland. The Ohio State U. Eng. Exp. 
Sta. News., Dec., 1952, p. 10. 

Improved Earpieces for Oximeters. 
R. H. Taplin, H. G. Saville, and W. Paul. 
J. Av. Med., Feb., 1953, p. 70. 

Men and Machines—The Design of 
Equipment for Efficient Human Use. 
Paul M. Fitts. Ohio State U. Eng. Exp 
Sta. News, Dec., 1952, p. 6. 

Shoulder Harness: Its Use and Effec- 
tiveness. Hugh De Haven and A. 
Howard Hasbrook. Cornell U. Med. Coll. 
Crash Injury Res. Paper, Nov. 1, 1952. 
12 pp. 


Computers 


Providing Adequate Power in Computer 
Drives. Milton Felstein. J/ach. Des., 
Jan., 1953, p. 156. Method for determin- 
ing and comparing velocity-acceleration 
relationship of the drive and of the func 
tion being followed in the problem. 

The Use of Large Scale Computing in 
Physics. John Sheldon and L. H. Thomas. 
J. Appi. Phys., Mar., 1953, p. 235. Aero 
ballistics, boundary-layer problems, and 
other applications 

Anaiog Computer Elements for Solving 
Nonlinear Differential Equations. Carl A. 
Ludeke and Cohn L. Morrison. J. Appl. 
Phys., Mar., 1953, p. 248. 

Analogue Computers for Feedback 
Control Systems. R. A. Bruns. Elec. 
Eng., Mar., 1953, p. 211 

Analogous System in Engineering De- 
sign. R.C. McMaster, R. L. Merrill, and 
B. H. List. Prod. Eng., Jan., 1953, p. 
184. 

A Coupling Analog for Nonlinear Sys- 
tems with More Than One Degree of 
Freedom. Carl A. Ludeke and Ronald 
T. Evans. J. Appl. Phys., Feb., 1953, p 
119, 

An Electrical Computer for the Solution 
of Linear Simultaneous Equations. Abra- 
ham Many, Uri Oppenheim, and Shimshon 
Amitsur. Rev. Sci. Instr., Feb., 1953, p 
112. 

Five-Channel Analog Correlator. 
M. J. Levin and J. F. Reintjes. Tele 
Tech., Mar., 1958, p. 70. 

Arithmetic Processes for Digital Com- 
puters. J. H. Felker. Electronics, Mar., 
1953, p. 150. 

Ferrites Speed Digital Computers. 
David R. Brown and Ernst Alberts-Shoen 
berg. Electronics, Apr., 1953, p. 146. 

USAF Electronic Computer. M. Berry 
Am. Helicopter, Feb., 1953, p. 18. OAR 
automatic digital type (OARAC). 


Education & Training 


USAF Pilot Training. Warren R. Car- 
ter. Air U. Quart. Rev., Winter, 1952-53, 


p. 3. 


Electronics 


The Detection of a Sine Wave in Gaus- 
sian Noise. Edgar Reich and Peter 
Swerling. J. Appl. Phys., Mar., 1953, p. 
289, 

Instrument Electronics. XV—Military 
Electronics. Milton H. Aronson. Jnstru- 
ments, Jan., 1953, p. 108. Fundamental 
principles applicable to radar, communica- 
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tions, countermeasures, navigation, and 
radioactivity. 

Phase II, Final Engineering Report on 
Power Supplies, Engineering Reports, and 
Data. L. E. Gartner and S. S. Beers. 
Bendix Av. Eng. Rep. ESO 442-IT, Oct. 31, 
1950. 70 pp. 

Propagation in Waveguides Filled Lon- 
gitudinally with Two or More Dielectrics. 
G. Chambers. Brit. J. Appl. Phys., Feb., 
1953, p. 39. 

Propagation of Microwaves Through a 
Cylindrical Metallic Guide Filled Co- 
axially with Two Different Dielectrics. 
S. K. Chatterlee. J. Indian Inst. Sci., 
(Sect. B), Jan., 1953, p. 1. 

Synthesis of Transfer Functions with 
Poles Restricted to the Negative Real 
Axis. Louis Weinberg. J. Appl. Phys., 
Feb., 1958, p. 207. 

Strain-Gage Remote Metering. G. F. 
Stastny and R. S. Butts. Tele-Tech, 
Mar., 1953, p. 73. AN/AKT-8 multi- 
vibrator circuit in FM/FM telemetering 
system; application to measurement of 
airframe stresses. 

Systematic Cooling of Air-Borne Elec- 
tronic Equipment. Walter Robinson. 
Aero. Eng. Rev., May, 1953, p. 81. 

Telemetering Converter Calibration. 
Edwin N. Kaufman. Radio & TV News, 
Radio-Electronic Eng. Sect., Apr., 1958, 
p. 6. 

Visual Method for the Determination of 
Electronic Conductivity. J. K. Grierson. 
Electronic Eng., Mar., 1953, p. 110. 


Antennas 


Aircraft Omnidirectional Antenna Prob- 
lem for U.H.F. Navigation Systems. A. 
G. Kandoian. Aero. Eng. Rev., May, 
1953, p. 75. 

An Alternative Method of Solving 
Hallén’s Integral Equation and Its Appli- 
cation to Antennas Near Resonance. 
Ronold King. J. Appl. Phys., Feb., 1953, 
p. 140. 

FM Altimeter Slot Radiators. Louis E. 
Raburn. Tele-Tech, Apr., 1953, p. 73. 
Flush-mounted types developed by Navy 
BuAer. 

Second-Order Beams of Slotted Wave 
Guide Arrays. H. Gruenberg. Can. J. 
Phys., Jan., 1953, p. 55. 


Circuits & Components 


Casting Resins for Electronic Equip- 
ment. William R. Cuming. Tele-Tech, 
Mar., 1953, p. 68. Embedding techniques 
for components and assemblies in aircraft. 

Filter Transfer Function Synthesis. 
George L. Matthaei. Proc. TRE, Mar., 
1953, p. 377. 

Functional Circuit Diagrams; Making 
the Circuit Tell Its Own Story. C. E. 
Williams. Wireless World, Jan., 1953, p 
19. 

High-Impedance Artificial Delay Lines. 
William S. Carley and Edward F. Sey- 
mour. Electronics, Apr., 1953, p. 188. 
NAVORD Lab., White Oak, Md., de- 
velopment. 

How to Design Bistable Multivibrators. 
Ralph Pressman. Electronics, Apr., 1953, 
p. 164. Application to digital computers, 
counters, and other pulse circuits. 

Miniaturization of Airborne Filter 
Chokes. Walter E. Tanner. Electronics, 
Apr., 1953, p. 180. 
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Quasi-Degenerated Modes in High-« 
Dielectric Cavities. H. M. Schlicke. J. 
Appl. Phys., Feb., 1953, p. 187. Minia- 
turization factors. 

Plastic Electrets. H.S. Wieder and Sol 
Kaufman. J. Appl. Phys., Feb., 1953, p. 
156. Plexiglas, Lucite, and nylon dielec- 
trics. 

A Printed Circuit Multi-Conductor 
Plug. W. D. Novak. Tele-Tech, Jan., 
1953, p. 64. NOVACON design. 

The Magnetic Amplifier. V. J. Louden. 
G-E Rev., Mar., 1953, p. 22. Gas-turbine 
control and other applications. 

A New Type of Magnetic Servo Ampli- 
fier. W. A. Geyger. Elec. Eng., Mar., 
1953, p. 250. 

What Magnetic Amplifiers Can Do to 
Increase Aircraft Reliability. George F. 
Schroeder. Aero. Eng. Rev., May, 1958, 
p. 92. 

High Power Solenoids; Stresses and 
Stability. J. M. Daniels. Brit. J. Appl. 
Phys., Feb., 1953, p. 50. 

(NBS) U.H.F. Magnetic Attenuator. 
Frank Reggia. Radio & TV News, Radio- 
Electronic Eng. Sect., Apr., 1953, p. 12. 

Some Applications of Permanently 
Magnetized Ferrite Magnetostrictive Res- 
onators. W. Van B. Roberts. RCA 
Rev., Mar., 19538, p. 3. 

Four-Terminal Networks; Fundamental 
Theory. O. P. D. Cutteridge. Wireless 
Engr., Mar., 1953, p. 61. 

Synthesis of Unbalanced RLC Net- 
works. Louis Weinberg. J. Appl. 
Phys., Mar., 1953, p. 300. 

Terminology and Equations for Linear 
Active Four-Terminal Networks Including 
Transistors. L.J.Giacoletto. RCA Rev., 
Mar., 1953, p. 28. 

Almost Sinusoidal Oscillations in Non- 
linear Systems. I—Introduction—Simul- 
taneous Oscillations. II—Synchroniza- 
tion. Johannes S. Schaffner. U. Til. 
Eng. Exp. Sta. Buls. 395, 400; May, 1951; 
May, 1952. 64; 32 pp. 31 refs. 

Electronic Switch; Two Waveform Dis- 
play with Single-Beam Oscilloscope. K. 
R. Sturley. Wireless World, Jan., 1953, 
p. 

Forced Oscillations with Nonlinear Re- 
storing Force. Chihiro Hayashi. J. Appl. 
Phys., Feb., 1953, p. 198. 

A Phase Shifting Pulse Generator for 
Thyratron Control. J. C. West. Elec- 
tronic Eng., Mar., 1953, p. 120. At U. of 
Manchester Servomechanism Laboratory. 

Factors in the Design of Point-Contact 
Transistors. B. N. Slade. RCA _ Rev., 
Mar., 1953, p. 17. 

Negative Resistance in Germanium 
Diodes. James Kauke. Radio @ TV 
News, Radio-Electronic Eng. Sect., Apr., 
1953, p. 8. 

On the New Method of Measuring Di- 
electric Constant and Loss Angles of Semi- 


conductors. Bunjir6 Ichijd. J. Appl. 
Phys., Mar., 1953, p. 307. 
Resistor Temperature Coefficients. 


Floyd A. Paul. Tele-Tech, Jan., 1953, p. 
52. 

A Thermoelectric Stud of the Electrical 
Forming of Germanium Rectifiers. Ma- 
koto Kikuchi and Tomio Onishi. J. 
A ppl. Phys., Feb., 1958, p. 162. 

Transistor Characteristics at Low and 
Medium Frequencies. L. J. Giacoletto. 
Tele-Tech, Mar., 1953, p. 97. 
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Test tquipment ? 


Be sure to look 
beyond the unit... 


Bowser Technical Refrigeration pioneered the development and man- 
ufacture of environmental test equipment. 

Bowser's complete engineering staff is available (at no obligation) 
to help in solving YOUR difficult test problems. Design engineers 
and production facilities are available to construct test equipment 
to meet your specialized requirements. 

Typical of Bowser's standard test chambers are the Laboratory 
Unit and Walk-In Room shown above. 

The Laboratory Unit has a temperature range from + 200° F to 

100° F, relative humidity range from 20%, to 98°/,, altitude from 
sea level to 100,000 feet. 

Standard Walk-In Rooms simultaneously produce altitude to 100,- 
000 feet, temperature range from —100° F to +200 F, relative hu- 
midity from 20%, to 98°%/,. 

Bowser also builds explosion chambers, sand and dust chambers, 
humidity simulation units, and environmental simulation chambers to 
meet any desired specifications. 

Write for free Toueieies bulletins or request a Bowser field engi- 
neer to consult on YOUR environmental test problem. 


TECHNICAL REFRIGERATION 


DIVISION BOWSER, INC TERRYVILLE CONNECTICUT 


-JUNE, 1953 


Transistors. II—Basic Theory of the 
Earthed-base Circuit. Thomas Roddam 
Wireless World, Mar., 1953, p. 125 

Transistors (Instruments Electronics. 
IX.) Milton H. Aronson. Jnstruments, 
Feb., 1953, p. 252. 

Transistors: Theory and Application. II 

Energy Levels in Transistor Electronics. 
Abraham Coblenz and Harry L. Owen 
Electronics, Apr., 1953, p. 188. 


Communications 


Higher Frequencies for Ground-Air 
Communications. S. B. Wright. Azr | 
Quart. Rev., Winter, 1952-53, p. 60 

Propagation Above 100 MC. P. E 
Lannan. Tele-Tech, Apr., 1953, p. 89 
Factors governing losses in beyond-line-of 
sight communications systems. 

Time-Division Multiplex Systems. III 
Pulse-Length and Pulse-Position Modu- 
lated Systems. J. E. Flood. Electroni 
Eng., Mar., 1953, p. 101. 


Electronic Controls 


Electronics—Adaptability to Aircraft 
Engine Control. Joel D. Peterson and 
Robert W. Curran. Aero. Eng. Rez 
May, 1953, p. 70. 

Electronics; A Symposium: Electronic 
Control and Stabilization of Aircraft. Ed 
ward Warner, Chairman Aero. Eng 
Rev., May, 1953, p. 38. 

Feedback Control Systems with Dead- 
Time Lag or Distributed Lag by Root- 
Locus Method. Yaohan Chu. AJEE, 
Summer Gen. Meeting, Minneapolis, June 
23-27, 1952, Paper MP 52-200. 13 pp 

Free-Wheeling Thyratrons Cut Auto- 
pilot Weight. Charles G. Yates. Ele 
tronics, Mar., 1953, p. 108. G-E Aero 
nautics and Ordnance Div.-developed con- 
trols. 

Stabilization of Nonlinear Feedback 
Control Systems. Robert L. Cosgriff 
Proc. IRE, Mar., 1953, p. 382 


Electronic Tubes 


Changes in Secondary and Thermionic 
Emission from Barium Oxide . During 
Electron Bombardment. J. Woods and 
D. A. Wright. Brit. J. Appl. Phys., Feb, 
1953, p. 56 

Damping of Elastically Supported Ele- 
ment in a Vacuum Tube. S. Levy, E. \ 
Hobbs, W. D. Kroll, and L. Mordfin 
U.S., NBS J. Res., Feb., 1953, p. 71 
(Also available as Res. Paper 2391. Supt 
of Doc., Wash. $0.05.) 

The Electron Coupler—A Develop- 
mental Tube for Amplitude Modulation 
and Power Control at Ultra-High Fre- 
quencies. II—Engineering Aspects. C 
L. Cuccia. RCA Rev., Mar., 1953, p. 72 

Improving Gas Tube Grid Circuit Re- 
liability. James H. Burnett. Tele-Tech, 
Apr., 1953, p. 70. Thyratron applica 
tions. 

Tube Envelope Temperature. Walter 
R. Jones. Electronics, Apr., 1953, p. 250 
Importance in miniaturization. 


Waves in an Electron Stream with Gen- 
eral Admittance Walls. Charles K. Bird 
sall and John R. Whinnery. J. Appi 
Phys., Mar., 1953, p. 314. 


Mec 


A 
Pea 
Rev 
spor 

A 
Plot 


S. 
I 
van 
Imp 
| | C1 
Del 
Me 
: | Ing 
OL] Ph: 
Su 
Ke 
Ist 
Ra 
rh 
lat 
12 
c 
m 
E 
E 
st 
E 
Pp 
T 
Cc 
R 
= 
4 N I 
DAB, | i I 
n 


LIC 


id 


Measurements & Testing 


An Automatic Recording Slide-Back 
Peak Voltmeter. Charles R. Ammerman. 
Rev. Sci. Instr., Feb., 1953, p. 161. USAF- 
sponsored radio-wave research. 

Automatic Smith Chart (Impedance) 
Plotter (for 100-400 MC Range). Karle 
S. Packard. Tele-Tech, Apr., 1953, p. 65. 

I—Defiection Constants of the DC Gal- 
vanometer at a Specified Damping. II 
Improved Solutions of the Unbalanced 
Bridge Circuit. Philip M. Andress. Rev. 
Sct. Instr., Feb., 1953, p. 172. 

Pulse-Operated Time Bases. H. A. 
Dell. Electronic Eng., Mar. 1953, p. 94. 

A Sensitive Photoelectric Method for 
Measuring the Faraday Effect. L. R. 
Ingersoll and W. L. James. Rev. Sci. 
Instr., Jan., 1953, p. 23. 

A Vibrating Reed Microbalance for 
Susceptibility Measurements in Weak 
Fields. Y. L. Yousef. Brit. J. Appl. 
Phys., Feb., 1953, p. 46. 

Vibration Test for Valves; Use of Re- 
peated Impacts. C.C. Eaglesfield. Wire- 
less Engr., Mar., 1958, p. 57. 

Wave-Guide Measurements in the 
Microwave Region on Metal Powders 
Suspended in Paraffin Wax. Joseph M. 
Kelly, Joseph O. Stenoien, and Dwight E. 
Isbell. J. Appl. Phys., Mar., 1953, p. 


258. 


Radar 


Airborne Radar. Sam Saint, William 
S. Parnell, and others. Skyways, May, 
1953, p. 20. Flight Operations Round 
Table discussion. 

High Quality Radar Picture Display 
Unit. R. T. Petruzzelli. Tele-Tech, Jan., 
1953, p. 54. Airport surveillance equip- 
ment, AST-2. 

MTI (Moving Target Indication) in 
Pulse Radar Systems and the Doppler 
Myth. John F. Bachman. Tele-Tech, 
Apr., 1953, p. 86. 

A Multichannel Distance Measuring 
Equipment for Aircraft. E. B. Mulhol- 
land. Proc. IRE Australia, Feb., 1952. 
12pp. Reprint 


Equipment 


Theory of Gaging; A Review of Me- 
chanical, Electrical, Electronic, and Pneu- 
matic Systems. W. Fay Aller. Mech. 
Eng., Mar., 1953, p. 199. 


Electric 


Stage Inspection of Blades; (Sigma In- 
strument Co., Ltd.’s) Hand-Operated 
Electrical Equipment for Inclusion in the 
Production-Line. Aircraft Prod., Jan., 
1953, p. 22. 


Hydraulic 


Cavitation Laboratory for Hydraulic 
Turbines; Details of Test Equipment and 
Calibration Procedure. Hans Ulmann and 
R.$S. Sproule. AJech. Eng., Mar., 1958, p. 
194, 

Electric Analogies for Hydraulic Analy- 
sis. II, III. Sidney D. Millstone. Mach. 
Des., Jan., Feb., 1958, pp. 166; 181. Tub- 
ing characteristics; application to servo- 
mechanisms. 

Electro Hydraulic System for Multi- 
Slide Turning Machine. Edward Smith. 
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Appl. Hydraulics, Mar., 1953, p. 64. Ap- 
plication to large compressor wheels for 
jet engines. 

Solenoid Operated Shutoff Valves for 
Aircraft Hydraulic Circuits. Kendall 
Jones. Prod. Eng., Mar., 1953, p. 178. 

Suggestions for Leakage Control in Hy- 
draulic Systems. B. Cooke. Appl. Hy- 


draulics, Feb., 1953, pp. 38. 


Pneumatic 


Selection Factors for Airborne Com- 
pressors. I, II. M. Caserta. Appl. Hy- 
draulics, Feb., Mar., 1953, pp. 54; 93. 

Valves are in the Loop. I. E. Wolff. 
Instrumentation, First Quarter, 1953, p. 
30. Functions of diaphragm motor-control 
valves. 


Flight Operating Problems 


The Aerodynamic Profile as Acoustic 
Noise Generator. Max Kramer. J. Aero. 
Sci., Apr., 1953, p. 280. 

On Some Aspects of the Noise Propaga- 
tion from Supersonic Aircraft. G. M. 
Lilley, R. Westley, A. H. Yates, and J. R. 
Busing. Coll. of Aeronautics, Cranfield, 
England, Rep. 71, Feb., 1953. 57 pp. 


Ice Prevention & Removal 


An Analytical Study of Heat Require- 
ments for Icing Protection of Radomes. 
James P. Lewis. U.S.. NACA RM 
E53A22, Mar. 11, 1953. 20 pp. 

Impingement of Cloud Droplets on 
Aerodynamic Bodies as Affected by Com- 
pressibility of Air Flow Around the Body. 
Rinaldo J. Brun, John S. Serafini, and 
Helen M. Gallagher. U.S., NACA TN 
2903, Mar., 1953. 20 pp. 

Impingement of Water Droplets on a 
Cylinder in an Incompressible Flow Field 
and Evaluation of Rotating Multicylinder 
Method for Measurement of Droplet-Size 
Distribution, Volume-Median Droplet Size 
and Liquid-Water Content in Clouds. 
Rinaldo J. Brun and Harry W. Mergler. 
U.S., NACA TN 2904, Mar., 1953. 71 
pp., folded charts. 

A Method for Rapid Determination of 
the Icing Limit of a Body in Terms of the 
Stream Conditions. Edmund E. Cal- 
laghan and John S. Serafini. U.S. 
NACA TN 2914, Mar., 1953. 338 pp. 

Some Tests of a Refrigerated Rotating 
Cylinder for Measuring Ice Accretion. B. 
Quan and H. G. Wenham. Canada, NAE 
L R-45, May 31, 1952. 10 pp. 


Flight Safety & Rescue 


The Airborne Lifeboat (MK.3) in 
Service. P. Everard. Saro Prog., Winter, 
1953, p. 22. RAF operational aspects. 

Proposed NFPA Standards on Aircraft 
Hangars. NFPA 85-P, Mar. 5, 1953. 47 
pp 


Fuels & Lubricants 


Correlations of Infrared Spectra with 
Structure. Joseph Bomstein. Anal. 
Chem., Mar., 1953, p.512. Based on Amer- 
ican Petroleum Institute, NACA, and other 
research. 

Determination of Basic Nitrogen in 
Oils. Virginia Z. Deal, Fred T. Weiss, and 
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Theodore T. White. Anal. Chem., Mar., 
1953, p. 426. 

Direct Semimicrodetermination of Oxy- 
gen in Organic Substances. Robert D. 
Henkel and Raphael Raymond. Azali. 
Chem., Mar., 1953, p. 470. Synthetic- 
fuels research. 

Isomerization of Pentanes and Hex- 
anes; Nature and Control of Side Reac- 
tions. B. L. Evering, E. L. d’Ouville, 
A. P. Lien, and R. C. Waugh. Ind. & 
Eng. Chem., Mar. 1953, p. 582. 

Mixing and Distribution of Liquids in 
High Velocity Air Streams. John P. 
Longwell and Malcolm A. Weiss. Ind. & 
Eng. Chem., Mar., 1953, p. 667. Study of 
initial spreading and turbulent mixing of 
hydrocarbon fuels injected into air streams. 

The Nature of the Coefficient of Fric- 
tion. J. T. Burwell and E. Rabinowicz. 
J. Appl. Phys., Feb., 1953, p. 136. 

Net Heat of Combustion of Petroleum 
Hydrocarbons. R. S. Fein, H. I. Wilson, 
and Jack Sherman. Ind. & Eng. Chem., 
Mar., 1953, p. 610. 

Petroleum. Harry Levin. Anal. Chem, 
Jan., 1953, p. 47, 182 refs. Review of the 
literature. 

Phase-Equilibrium Properties of Sys- 
tem Carbon Dioxide-Hydrogen Sulfide. 
James A. Bierlein and Webster B. Kay. 
Ind. & Eng. Chem., Mar., 1953, p. 618. 

Studies of the Explosive Combustion of 
Hydrocarbons by Kinetic Spectroscopy. 
I—Free Radical Absorption Spectra in 
Acetylene Combustion. R. G. W. Nor- 
rish, G. Porter, and B. A. Thrush. Proc. 
Royal Soc. (London), Ser. A, Jan. 22, 
1953, p. 165. 

Vapor-Liquid Equilibria for Ethyl Alco- 
hol Binary Systems. Langley R. Hellwig 
and Matthew Van Winkle. Ind. & Eng. . 
Chem., Mar., 1953, p. 624. 

The Velocity of Sound in Some Rocket 
Propellant Liquids. George C. Kretsch- 
mar. J. ARS, Mar.-Apr., 1953, p. 82. 

Volumetric and Phase Behavior of Mix- 
tures of Nitric Oxide and Nitrogen Dioxide. 
F. T. Selleck, H. H. Reamer, and B. H. 
Sage. Ind. & Eng. Chem., Apr., 1953, p. 
814. ONR-supported research studies. 


Instruments 


Contactor Amplifiers for Automatic Con- 
trol. Sidney Davis. Prod. Eng., Mar., 
1953, p. 186. 

Motor and Gear Train Selection for 
Automatic Control Systems. Abraham 
M. Fuchs. Prod. Eng., Mar., 1953, p. 
128. 

Topics in Gyroscopic Motion. H. 
Poritsky. J. Appl. Mech., Mar., 1953, p. 

Pressure Sensing Calculations for Air- 
craft and Guided Missiles. J. D. Hum- 
phreys. Tele-Tech, Apr., 1953, p. 82. 

Performance Characteristics of the In- 
duction Generator Tachometer. Sidney 
Davis. Prod. Eng., Jan., 1953, p. 168. 


Flow-Measuring Devices 


Metering Gas Flow; A Discussion of 
the Fundamental Techniques in Gas Flow 
Measurement. J.C. Westmoreland. [n- 
strumentation, First Quarter, 1953, p. 27. 

Very Accurate Measurement of Fringe 
Shifts in an Optical Interferometer Study 
of Gas Flow. Frank D. Werner and 
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most compact 
lbow fitting 


Resistoflex Hose Assemblies with 
sturdy forged aluminum elbows 


minimum turn 


fit close quarters, eliminate adapters radius 


Here are hose assemblies that can help you when 


space is at a premium. They have fittings with — 
smallest dimensions for their I.D. and permit you ern = 
to design more compact “plumbing” systems. cal 


Resistoflex Assemblies improve space factor even 
more when they replace combinations of swivel nut 
hose assemblies and angle adapters. 

Machined with true turns from solid forgings, 
Resistoflex fittings assure full flow, minimum tur- eeeeeecececoece 
bulence, and extra resistance to fatigue. 


And remember—Resistoflex Hose Assemblies with 
flanged aluminum fittings have USAF and BuAER 
approval. Take advantage of our 4-year quantity 


manufacture of these aluminum elbows and their 


ample wrench 
clearance 


trouble-free service in jet engines and aircraft. close-coupled, 
Write for catalog. one-piece 
Hose connecting end manufactured bod 
under license of Aeroquip Corporation y 


THE LATEST IN BACK-UP RINGS, TOO— 
MADE FROM “TEFLON”! Fluoroflex”® -T spiral 
rings have optimum dimensional] stability, inertness and 
heat resistance. They’re easier to install, reduce friction 
and improve life of the assembly. Get specification data 
— write for Bulletin No, FR-1. 


RESISTOFLEX 


CORPORATION 
Belleville 9, New Jersey 


Specially Engineered Flexible Resistant Products for Industry 


JUNE, 1953 


Bernard M. Leadon. Rev. Sci. Instr 
Feb., 1953, p. 121. 

Theory of the Erdmann Interferometer 
for Inv2stization of Compressible Flows. 
A. |. van de Vooren. Netherland 
NLL Rep. MP 79, 1952. 28 pp. 


Recording Equipment 


Electronic-recorder Pickups. J]. E 
Witherspoon. IJ/nstruments, J. Southern 
Calif. Meter Assn. Sect., Mar., 1953, p 
429. Basie principles; various types 

Measuring Magnetic Tape Recorder 
Flutter. Harold N. Morris. Electronics, 
Mar., 1953, p. 280. 

Performance of High-Output Magnetic 
Tape. L. B. Lueck and W. W. Wetzel 
Electronics, Mar., 1953, p. 131. 


Servomechanisms 


The Application of Nonlinear Tech- 
niques to Servomechanisms. Kenneth C 
Mathews and Robert C. Boe. Cook Res 
Labs. Paper, 1952. 17 pp. 

A Formula for an Integral Occurring in 
the Theory of Linear Servomechanisms 
and Control-Systems. Hans _ Biickner 
Quart. Appl. Math., Oct., 1952, p. 205 

The Principle of a Servo-Type Mecha- 
nism Requiring Variable Elements. R 
Drenick. Proc. TRE, Mar., 1953, p. 373 

Stabilization Templates for Servo- 
mechanisms. O. J. M. Smith Elec 
Eng., Mar., 1953, p. 237. 

A Study of Amplifier Saturation and 
Magnetic Saturation in a Servomecha- 
nism. Cornelius Leondes. AJEE, Sum 
mer Gen. Meeting, Minneapolis, June 23 
27, 1952, Paper MP52-198. 26 pp. 

The ‘‘Transferometer’’—An Apparatus 
Measuring the Performance of Servo- 
mechanism Elements. P. Bonnet. (Ves 
ures et Controle Industrial, Dec., 1952, p 
691.) Engr. Dig., Mar., 1953, p. 91 

The Use of Nonlinear Feedback to Im- 
prove the Transient Response of a Servo- 


mechanism. John B. Lewis. AJ/EE, 
Summer Gen. Meeting, Minneapolis, June 
23-27, 1952, Paper MP52-199. 7 pp 


Temperature-Measuring Devices 


A Special Thermocouple for Measuring 
Transient Temperatures. David Bender 
sky. VWech. Eng., Feb., 1953, p. 117 

The Way to Measure the Surface Tem- 
perature through PbS-Photoconductive 
Cell. K. Kamiyama, M. Moriguchi, and 
M. Eguchi. Papers in Meteorology & 
Geophys., Jan., 1953, p. 217. A pyrometer 
to measure comparatively low tempera 
ture. 

A Wide Range Temperature Controller 
Using a Resistance Element. S. J 
Borgars. J. Sci. Instr., Feb., 1953, p. 46 
Developed at the Royal Aircraft Establish 
ment, Farnborough, England. 


Vibration-Measuring Devices 


Apparatus for Measuring Internal Fric- 
tion in Transversely Vibrating Metal 
Reeds. W. R. Jewell. Rev. Sci. Instr., 
Jan., 1953, p. 5. 

Resonance-Type Vibration Calibrator. 
U.S., NBS Sum. TR 1756, Mar., 1953, 4 
pp 

Sinusoidal Calibration Table for Vibra- 
tion Type Transducers. Carleton M 
Fields and Robert S. Nevin. Prod. Eng., 
Dec., 1952, p. 172. 
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Laws & Regulations 


Convention on Damage Caused by 
Foreign Aircraft to Third Parties on the 
Surface, Signed at Rome on October 7, 
1952; Official English Text. J. Air Law 
& Commerce, Autumn, 1952, p. 447. 

The Effect of Political Interest Groups 
on C.A.B. Policies. Basil J. F. Mott, Jr. 
J. Air Law & Commerce, Autumn, 1952, p. 
379. 

Towards a Uniform Interpretation of the 
Private Air Law Conventions. H. Drion. 
J. Air. Law & Commerce, Autumn, 1952, p 


423. 


Lighter-Than-Air 


Plafonnement des Aerostats 4 Grande 
Altitude. Pierre Demers. Can. J. Phys., 
Mar., 1953, p. 366. Design of balloons 
that maintain altitudes of 14-19 miles up 
to 10 hours with rapid ascent and descent 


Machine Elements 


Flareless Fittings. R. W. Phillips 
Appl. Hydraulics, Apr., 1953, p. 82. 

Preliminary Comparison of 17- and 75- 
Millimeter-Bore Cageless Cylindrical 
Roller Bearings with Conventional Cylind- 
rical Roller Bearings at High Speeds. E. 
Fred Macks, W. J. Anderson, and Zolton 
N. Nemeth. U.S., NACA RM E52L05, 
Mar. 5, 1953. 39 pp. 

Sensitivity of Bearing Materials to 
Abrasive Dirt in Oil Supply. Arvid E 
Roach. Prod. Eng., Dec., 1952, p. 155. 


Materials 


Ceramics: Answer to Jets’ High Tem- 
peratures. Alexander Pechman. Av. Age, 
Mar., 1953, p. 106. 

New Materials and Methods for Air- 
craft Construction. H. J. Pollard. (Lec- 
ture, RAeS, Feb. 16, 1953.) The Engr., 
Mar. 6, 1953, p. 366. Abridged. (Also in 
Flight, Mar. 13, 1953, p. 338; and in The 
Aeroplane, Mar. 6, 1953, p. 291.) 


Corrosion & Protective Coatings 


Aluminum for Copper: Greater Corro- 
sion Risks? H. A. Liebhafsky and E. W. 
Balis. G-E Rev., Mar., 1953, p. 12. 

Coatings. R. W. Stafford and J. F 
Shay. Anal. Chem., Jan., 1953, p. 8. 138 
refs. Review of the literature. 

Colored Silicone Finishes. M. A 
Glaser and E. Miller. Prod. Eng., Mar., 
1953, p. 167. 

A Designer’s Guide to Vitreous Coat- 
ings. II—Service Properties. III— Metal 
Selection, Processing and Design. Rob- 
ert L. Stedfeld. Zach. Des., Jan., Feb., 
1953, pp. 141; 166. 

The Influence of Corrosion on the 
Cracking of Pressure Vessels. H. R 
Copson. Welding J. Res. Suppl., Feb., 
1953, p. 75-s. 101 refs. 

Organic Finishing Developments in 
1952. Arthur L. Phillips. 
Finishing, Jan., 1958, p. 9 


Organi 


Metals & Alloys 


A Dictionary of Metallurgy. XII-XIV. 
A. D. Merriman and J. S. Bowden. Weta/ 


AERONAUTICAL 


Treatment, Jan., Feb., Mar., 1953, pp. 35; 
wi; 

Metallurgy Associated with Aircraft. 
R. L. Cunningham. Can. Av., Mar., 1953, 
Ot. 

Photometric Determination of Silicon in 
Ferrous, Ferromagnetic, Nickel, and Cop- 
per Alloys; A Molybdenum Blue Method. 
C. L. Luke. Anal. Chem., Jan., 1953, p. 
148. 

Preparation of Dross-Free Sodium and 
Other Low Melting Metals and Alloys by 
the Under-Pour Method. L. Silverman. 
Rev. Sci. Instr., Jan., 1953, p. 80. North 
American Aviation research. 

Quantitative Analysis by X-Ray Fluores- 
cence; Application to Alloy Systems. E. 
Gillam. Metal Treatment, Mar., 1953, p. 
99. 

Recent Work on the Fracture of Metals. 
C. J. Osborn. Australia, ARL Rep. SM. 
190, Aug., 1952. 31 pp. 

The Mechanism of Fatigue of Metals. 
A. K. Head. J. Mech. & Phys. Solids, 
Jan., 1953, p. 134. 

Structural Changes During the Fatigue 
of Metals. F. P. Bullen, A. K. Head, and 
W. A. Wood. Proc. Royal Soc. (London), 
Ser. A, Feb. 10, 1953, p. 332. 

How to Evaluate High Temperature 
Performance of Materials. L. B. Pfeil 
Materials & Methods, Mar., 1953, p. 79. 

Septum Permeation of Hydrogen from 
Flames. F. W. Thompson and A. R. 
Ubbelohde. Proc. Royal Soc. (London), 
Ser. A, Jan. 22, 1953, p. 193. 


Metals & Alloys, Ferrous 


Centrifugally Cast Steel Tubing. T. E. 
Rybka. Materials & Methods, Feb., 1953, 
p. 104. 

Decomposition of Austenite in Low Car- 
bon, Ni, Mo, Steel Weld Metal. E. F. 
Bailey and W. J. Harris, Jr. Welding J. 
Res. Suppl., Mar., 1953, p. 134-s. 

Discussion on ‘‘Studies of the Crack 
Sensitivity of Aircraft Steels,’’ by A. W. 
Steinberger and J. Stoop. J. Koziarski 
and others. Welding J. Res. Suppl., 
Mar., 1953, p. 157-s. 

Effect of Low and High Temperatures on 
Physical Properties and Machinability of 
Carbon Steels. F. Bogner. (Die Tech- 
nik, Nov., 1952, p. 667.) Engr. Dig., Mar., 
1953, p. 87. 

Ferrous Metallurgy. H. F. 
Anal. Chem., Jan., 1953, p. 30. 
Review of the literature. 

Materials & Methods Manual No. 92: 
Malleable Iron Castings. H. R. Clauser. 
Materials & Methods, Mar., 1953, p. 109. 

Relation of Preheating to Embrittle- 
ment and Microcracking in Mild Steel 
Welds. A. E. Flanigan and T. Micleu 
Welding J. Res. Suppl., Feb., 1953, p 
99-s. 

Replacement of Alloys by Boron in 
Carburising and Direct-Hardening Steels; 
Some German Results. Bishop. 
(Stahl und Eisen, Nov. 6, 1952.) Metal 
Treatment, Feb., 1953, p. 85. Based on 
Scherer studies at the Deutsche Edel- 
stahlwerke, Krefeld. 

Salt Bath Case Hardening with Molyb- 
denum and Tungsten—A Correlated Ab- 
stract. E. Fitzer. (Archiv fiir das Eisen- 
huttenweser, Sept., Oct., 1952, pp. 369; 
377.) Materials & Methods, Mar., 1953, 
p. 94. 


Beeghly. 
161 refs. 
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The Weldability of Austenitic Manga- 
nese Steels. F.Danhier. Welding J. Res. 
Suppl., Mar., 1953, p. 155-s. 

Factors Affecting Resistance of Pressure 
Vessel Steels to Repeated Overloading. 
J. H. Gross, S. Tsang, and R. D. Stout. 
Welding J. Res. Suppl., Jan., 1953, p. 23-s 
Biaxial fatigue studies in the plastic range. 

The Preheating and Postheating of 
Pressure Vessel Steels. Robert D. Stout. 
Welding J. Res. Suppl., Jan., 1953, p. 14-s. 
61 refs. 


Metals & Alloys, Nonferrous 


Nonferrous Metallurgy. M. L. Moss. 
Anal. Chem., Jan., 1953, p. 37. 118 refs. 
Review of the literature. 

Effect of Surface Condition on Creep of 
Some Commercial Metals. E. D. Sweet- 
land and E. R. Parker. J. Appl. Mech., 
Mar., 1953, p. 30. 

Surface Effects and the Creep of Zinc 
Single Crystals: I—Creep Characteristics 
of Clean and Oxide-Coated Crystals. 
Frances Dunkle Coffin and Andrew L. 
Weiman. J. Appl. Phys., Mar., 1953, p. 
282. Research at NACA. 

Determination of Small Amounts of 
Zinc in Aluminum Alloys; Rapid Electro- 
gravimetric Method Utilizing Isotope Diiu- 
tion Technique. Kurt Theurer and 
Thomas R. Sweet. Anal. Chem., Jan., 
1953, p. 119. 

Analytical Methods for Germanium. 
Horatio H. Krause and Otto H. Johnson. 
Anal. Chem., Jan., 1953, p. 184. 


Determination of Hydrogen in Mag- 
nesium, Lithium, and Magnesium-Lithium 
Alloys. M. W. Mallet, A. F. Gerds, and 
C. B. Griffith. Anal. Chem., Jan., 1953, p. 
116. 


Spot Welding of Magnesium with 
Three-Phase Low-Frequency Equipment. 
Paul Klain, D. L. Knight, and J. P. Thorne. 
Welding J., Jan., 1953, p. 7. 

Effect of Processing Variables on the 
Transition Temperature, Strength, and 
Ductility of High-Purity, Sintered, 
Wrought Molybdenum. Kenneth C. Dike 
and Roger A. Long. U.S., NACA TN 
2915, Mar., 1953. 26 pp. 

Effects of Carbon, Oxygen and Nitrogen 
on Welds in Titanium. D. C. Martin. 
Welding J. Res. Suppl., Mar., 1953, p. 
139-s. 

Practical Aspects of Welding Titanium 
Alloys. J. J. Chyle and I. Kutuchief 
Welding J. Res. Suppl., Feb., 1953, p. 
65-s. 

Titanium Alloy Development. M. 
Hansen and H. D. Kessler. SAE Annual 
Meeting, Detroit, Jan. 12-16, 1953, Pre- 
print 43. 16 pp. 

Titanium and Its Alloys, Production and 
Application. A. G. Metcalfe. Metal 
Treatment, Jan., 1953, p. 30. 

Determining Low Concentrations of 
Hafnium in Zirconium; A Spectrographic 
Method. D. M. Mortimore and L. A. 
Noble. Anal. Chem., Feb., 1953, p. 296. 

Ductile Welding of Zirconium. F. G. 
Cox. Welding J. Res. Suppl., Feb., 1953, 
p. 92-s. 

Zirconium Now Fabricated by Powe 
Metallurgy Methods. Herbert S. Kalish. 
Materials & Methods, Feb., 19538, p. 101. 
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Nonmetallic Materials 


Characterization of Cord Fatigue in 
Tires. K.R. Williams, J. W. Hannell, and 
J. M. Swanson. Ind. & Eng. Chem., Apr., 
1953, p. 796. 

Low-Pressure Laminates. Robert King. 
Mach. Des., Mar., 1953, p. 112. Proper- 
ties; types and methods used at Boeing 
Airplane Co. 

An Aircraft Designer Analyzes Rein- 
forced Plastics. Norman C. Parrish. 
Auto. Ind., Mar. 1, 1958, p. 38. 


Aircraft Enclosures; New Transparent 
Plastics for Altitude and High-Speed Con- 
ditions. G. E. Hughes. Aircraft Prod., 
Mar., 1953, p. 90. 


Extrusion Trends. M. S. Greenhalgh. 
SPE J., fan., 1953, .p. 7. 


Plastics Extrusions. William Schack. 
Mach. Des., Mar., 1958, p. 145. 

Low Pressure Glass Reinforced Plas- 
tics. I. A. Craig. Saro Prog., Winter, 
1953, p. 29. 

Materials & Methods Manual No. 91: 
Glass-Reinforced Plastics. Philip O’Keefe. 
Materials & Methods, Feb., 1958, p. 119 
Resins and reinforcements; molding tech 
niques; properties; parts design; appli 
cations. 

Plastics in Engineering; Materials and 
Structures; Light Aircraft in Plastic? 
J. E. Gordon. Aircraft Prod., Jan., 1953, 
p. 2 
Plastics ‘‘Know-How.”’ I. Jesse H 
Day. II—Plastics Literature in Govern- 
ment Reports. . James Kanegis and 


Irvin Wolock. SPE J., Jan., Mar., 1953, 
pp. 16; 36. Sources of information. 


UNIVERSAL METAL PRODUCTS, INC. 


Tools Dies «Metal Stampings «Aircraft Parts 


behind .. 
tomorrow’s aircraft 


In the future as well as today, America’s aircraft will excel in 
design, construction...and components. As suppliers to the nation’s 
major airframe manufacturers, Universal keeps pace with 
today’s volume needs, while designing and planning components 
- which will be required for tomorrows’ supersonic aircraft. 


Being specialists in tool and component design, 
metal stamping, heliarc and resistance welding and 

Sub-assemblies, Universal invites correspondence 

incerning your company’s requirements. 


2311 West Orange Street 
CUmberland 3-3115 
Alhambra, California 


Serving America’s Aircraft Industry 


JUNE, 1953 


Successful Designing for Plastics Mold- 
ing. W. M. Halliday. SPE J., Jan., 
1953, p. 20. 

Transitions and Phases of Polytetra- 
fluoroethylene (Teflon). Charles E. Weir 
U.S., NBS J. Res., Feb., 1953, p. 95. (Also 
available as Res. Paper 2395. Supt. of 
Doc., Wash. $0.05.) 

Natural and Synthetic Rubbers. Nor- 
man Bekkedahl. Anal. Chem., Jan., 1953, 
p. 54. 302 refs. Review of the literature 

Rubber and Synthetic Rubber Com- 
pounds for Automotive and Aeronautical 
Applications. N.L.Catton. ASTM Bul., 
Feb., 1953, p. 20. 

Viscoelastic Properties as Functions of 
the Distribution of Activation Energies. 
W. James Lyons. J. Appl. Phys., Feb. 


1953, p. 217 


Sandwich Materials 


Aluminum Honeycomb Sandwich Struc- 
tures. Prod. Eng., Feb. 1953, p. 184 
Properties; design aspects. 

Behavior of a Rectangular Sandwich 
Panel Under a Uniform Lateral Load and 
Compressive Edge Loads. H. W. March. 
U.S., Forest Prod. Lab. Rep. 1834, Sept., 
1952. 39 pp. 

Effect of Elevated Temperatures on the 
Strengths of Small Specimens of Sand- 
wich Construction of the Aircraft Type; 
Tests Conducted after Exposure to Ele- 
vated Temperatures for 192 Hours. Ed 
ward W. Kuenzi. U.S., Forest Prod. Lab 
Rep. 1804-B, Sept., 1952. 20 pp. 

An Exact Solution for the Buckling Load 
of Flat Sandwich Panels with Loaded 
Edges Clamped. S. V. Nardo. JAS 
Preprint 409, Jan., 1958. 27 pp. Mem 
bers, $0.50; nonmembers, $0.85. 

Fatigue of Sandwich Constructions for 
Aircraft. (Aluminum Facing and Ex- 
panded-aluminum-honeycomb Core Sand- 
wich Material Tested in Shear.) Fred 
Werren. U.S., Forest Prod. Lab. Rep. 
1559-K, July, 1952. 7 pp. 

Foam-Filled Structures; Some Appli- 
cations to Airframe Units; Processing; 
Properties of Filler-Material. J. M. 
Gerschler. Aircraft Prod., Jan., 1953, p 
15. 

Metal Bonding; A Report on Current 
Practices. O. W. Loudenslager. 
Engr., Apr., 1953, p. 78 

Shear-Fatigue Properties of Various 
Sandwich Construction. Fred Werren 
U.S., Forest Prod. Lab. Rep. 1837, July, 
1952. 10 pp. 


Testing 


A Critical Review of the Criteria for 
Notch-Sensitivity in Fatigue of Metals. 
C. S. Yen and T. J. Dolan. U. Jil. Eng. 
Exp. Sta. Bul. 398, Mar., 1952. 55 pp 
54 refs. 

The Determination of Trace Elements 
by Neutron Radioactivation Analysis. G 
W. Leddicotte and S. A. Reynolds. ASTM 
Bul., Feb., 1953, p. 29. 

Elastic Waves Created During Tensile 
Fracture; The Phenomenon of a Second 
Fracture. Julius Miklowitz. J. Appl. 
Mech., Mar., 1953, p. 122. 

Experimental Technique Used to Meas- 
ure Transient Waves through Solids. 
William A. Allen and Clyde L. McCrary. 
Rev. Sci. Instr., Feb., 1953, p. 165. NOL 
studies. 
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Influence of Strain Gradient on Brittle 
Coating Sensitivity. A. J. Durelli and S 
Okubo. Prod. Eng., Jan., 1953, p. 136 

Influence of Testing Frequency on the 
Fatigue Strength of Steels and Light 
Alloys. Th. Wyss. ASTM Bul., Feb., 
1953, p. 31. At the Federal Materials 
Testing and Research Institute, Zurich, 
Switzerland 

On the Statistical Interpretation of 
Fatigue Tests. A. M. Freudenthal and 
E. J. Gumbel. Proc. Royal Soc. (London), 
Ser. A, Feb. 10, 1953, p. 309. 


Mathematics 


Analysis of Stiff Equations. Wallace E. 
Johnson. U. Wis. Naval Res. Lab. Dept. 
Chem. Rep. CM-777, Feb. 11, 1953. 27 
Pp. 

Asymptotic Expansion of the Whit- 
taker’s FunctionWx ,,(Z) for Large Values 
of k, m, z. I. Chieh-Chien Chang, Boa- 
Teh Chu, and Vivian O’Brien. J. Franklin 
Inst., Mar., 1953, p. 215. 

Coefficients to Facilitate Interpolation 
and Integration of Linear Sums of Expo- 
nential Functions. Yudell L. Luke. J. 
Math. & Phys., Jan., 1958, p. 267. 

Difficulties with Present Solutions of 
the Hallén Integral Equation. S. H. Dike 
Quart. Appl. Math., Oct., 1952, p. 225 

Hamilton’s Principle in Relation to 
Non-Holonomic Mechanical Systems. R 
S. Capon. Quart. J. Mech. & Appl 
Math., Dec., 1952, p. 472. 

On Brownian Motion, Boltzmann’s 
Equation, and the Fokker-Planck Equa- 
tion. Julian Keilson and James E 
Storer. Quart. Appl. Math., Oct., 1952, p 
243. Harvard Cruft Lab. studies. 

Rapidly Converging Solutions to Inte- 
gral Equations. Paul A. Samuelson. J. 
Math. & Phys., Jan., 1953, p. 276. 

Reduced Sequences of Integers and 
Pseudo-Random Numbers. H. J. A 
Dupare, C. G. Lekkerkerker, and W 
Peremans Netherlands, Mathematisch 
Centrum, Anisterdam, Rep. ZW 1953-002, 
1953. 15 pp 

Relaxation Methods; A Three-Dimen- 
sional Mechanical Analogy. D. C 
Vaughan Quart. J. Mech. & Appl 
Math., Dec., 1952, p. 462. 

The Stability Equation with Periodic Co- 
efficients. Hirsh Cohen. Quart. Appl 
Math., Oct., 1952, p. 266. 

On a Class of Iterative Procedures for 
Solving Normal Systems of Ordinary 
Differential Equations. J. Warga. J 
Math. & Phys., Jan., 1953, p. 223. 

On the Approximation of Linear Elliptic 
Differential Equations with Positive Co- 
efficients. T.S. Motzkin and W. Wasow. 
J. Math. & Phys., Jan., 1953, p. 253. 

On the Integration of Some Vector Dif- 
ferential Equations. I, II—Application to 
the Linearized Theory of Steady Compres- 
sible Fluid Flow. G.N. Ward. Quart. J. 
Mech. & Appl. Math., Dec., 1952, pp. 4381, 
441. 

Solution of Nonlinear Differential Equa- 
tions by the Reversion Method. George I. 
Cohn. J. Appl. Phys., Feb., 1953, p. 180. 


Meteorology 


Aircraft Icing. V. Peter E. Kraght. 
Bus. Flying, Mar.. 1953, p. 14. 


AERONAUTICAL REVIEWS 


Forms of Ice Crystals in the Air—On 
Small Ice Crystals (II). K.Itoo. Papers 
in Meteorlogy & Geophys., Jan., 1953, p. 
207. 

Measurement of Snow Parameters by 
Radar. J.S. Marshall and K. L. S. Gunn. 
J. Meteorology, Oct., 1952, p. 322. 

Collection of Fog Particles with Fine 
Fibre and Infra-red Absorption of Fog 
Particles. K. Kamiyama and M. Mori- 
guchi. Papers in Meteorology & Geophys. 
Aug., 1952, p. 104. Investigation of size 
distribution curve and its variation. 

A Statistical Study of Precipitation Dis- 
tribution as Related to Various Types of 
Mean Zonal Motion. C. O. Jenista, Jr. 
Bul. AMS, Jan., 1953, p. 10. 

The Use of Pressure Pattern Flying by 
Trans-Canada Airline. R. Peel. J. Inst. 
Navigation, Jan., 1953, p. 15. 


You get 


113 


Fluctuations of Atmospheric Tempera- 
ture As a Measure of the Scale and In- 
tensity of Turbulence near the Earth’s 
Surface. J. R. Gerhardt, C. M. Crain, 
and H. W. Smith. J. Meteorology, Oct., 
1952, p. 299. 

The Formation of Exhaust Condensa- 
tion Trails by Jet Aircraft. H. Appleman. 
Bul. AMS, Jan., 1958, p. 14. 

Temperature and Moisture Gradients 
under Low Stratus Clouds. Peter E. 
Kraght. Bul. AMS, Dec., 1952, p. 403. 

An Observational Study of the Upper 
Wind-Circulation Around Tropical Storms. 
Elizabeth S. Jordan. J. Meteorology, Oct., 
1952, p. 340. 

On the Scalar-Vorticity and Horizontal- 
Divergence Equations. Leon Sherman. 
J. Meteorology, Oct., 1952, p. 359. 


Special Engineering with... 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


¢ Every Lamb Electric Motor is 
specially designed for the product 
or device it is to drive. This means 


Having inbuilt control switch 
and receptacle, this motor is 
readily adaptable to portable 
tools and equipment. 


that both electrical and mechani- 
cal characteristics are engineered 


for the exact requirements of the 
particular application, often result- 
ing in savings in space, weight 


and cost factor. 


Special engineering in Lamb 
Electric Motors assures optimum 


product performance and efficient, 
long-life motor operation...another 
reason why more and more of 
America’s finest products are being 


powered with Lamb Electric Motors. 


The Lamb Electric Company 
Kent, Ohio 


in Canada: Lamb Electric— Division of 
Sangamo Company lLtd.—Leaside, Ontario 


Where intermittent high torque 
and space economy are im- 
portant, this specially devel- 
oped aircraft motor provides 
distinct advantages. 


Electric 


SPECIAL APPLICATION MOTORS 
FRACTIONAL HORSEPOWER 
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On the Structure of Cold Vortex. T. 
Sato. Papers in Meteorology & Geophys., 
Aug., 1952, p. 157. 

Squall Lines. Ivan W. Brunk. Bul. 
AMS, Jan., 1953, p. 1. 

A New Development of the Theoretical 
and Experimental Treatment of the Lag of 
Dines Pressure Tube Exposed in Fluctuat- 
ing Winds. M. Sanuki. Papers in 
Meteorology & Geophys., Aug., 1952, p. 
115. 

On the Lag of Thermometer Exposed in 
the Air of Variable Temperature and 
Variable Wind Velocity. M. Sanuki. 
Papers in Meteorology & Geophys., Aug., 
1952, p. 172. 

Line Absorption and Radiative Equi- 
librium. Jean I. King. J. Meteorology, 
Oct., 1952, p. 311. 

The Lower E and D Region of the Iono- 
sphere as Deduced from Long Radio 
Wave Measurements. R. J. Nertney. J. 
Atmospheric & Terrestrial Phys., Feb., 
1953, p. 92. 


Military Aviation 


Canada’s Expanding Air Power. I-V. 
John Fricker. The Aeroplane, Jan. 16, 23, 
30, Feb. 6, 20, 1953, pp. 88; 118; 148; 
176; 232. Survey of RCAF activities; 
types of aircraft; specs. and performance; 
production program and design-for-main- 
tenance aspects; experimental flight 
studies; training program. 

The Systems Approach to Air Weapons 
Development. Donald L. Putt. SAE, 
Annual Meeting, Jan. 15, 1953, Paper. 9 
pp. 

Weapons of Air Defence; Some 
Thoughts on Operational and Tactical Re- 
quirements. Kenneth W. Gatland. Flight, 
Feb. 20, 19538, p. 219. Guided missiles and 
other developments. 


Missiles 


On the Free Flight Motion of Missiles 
Having Slight Configurational Asymme- 
tries. John D. Nicolaides. JAS Preprint 
395, Jan., 1953. 38 pp. Members, $0.65; 
nonmembers, $1.00. 

Problem Child. Francis D. Reynolds 
Boeing Mag., Jan., 1953, p. 3. Survey of 
instrumentation and problems in guided- 
missile research. 

Stability Derivatives for a Slender Mis- 
sile with Application to a Wing-Body- 
Vertical-Tail Configuration. Arthur E. 
Bryson, Jr. J. Aero. Sci., May, 1953, p. 
297. 


Navigation 


Airborne Navigational Recorders. John 
C. Bellamy. Navigation, Dec., 1952, p. 
182. 

A Dead Reckoning Computer. A. 
Blom-Bakke. J. Inst. Navigation, Jan., 
1953, p. 59. The Airnavigator. 

Determining the Most Probable Posi- 
tion. J. B. Parker. J. Inst. Navigation, 
Jan., 1953, p. 44. 

Navigating the Comet. H. L. Sheppard. 
de Havilland Gazette, Feb., 1953, p. 10. 

The Design of Aeronautical Charts: 
II—An Evaluation of Two Experimental 
Charts Designed for Navigation in High- 
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Speed, High-Altitude Aircraft. 
Murray and Rolland H. Waters 
tion, Dec., 1952, p. 192 

Map Projections used in Polar Regions. 
P. C. Beresford. J. Inst. Navigation, Jan., 
1953, p. 29. 


John E 
Naviga- 


Photography 


Design of a High-Resolution Electron 
Diffraction Camera. J. M. Cowley and 
A. L. G. Rees. J. Sci. Instr., Feb., 1953, 
p. 33. 


Power Plants 


Jet & Turbine 


Combustion in the Gas Turbine; A 
Survey of War-time Research and De- 
velopment. Peter Lloyd. Gt. Brit., ARC 
R&M 2579 (May, 1946), 1952. 45 pp 
BIS, New York. $2.75 

Combustion in the Jet Engine. k. T 


Fulton. The Aeroplane, Mar. 20, 1953, p. 
344. 

A Small French Jet Engine.’ The Aero 
plane, Feb. 27, 1953, p. 258, cutaway 
drawing. 

Turboprops. IJnteravia, No. 2, 1953, p 
67. Partial Contents: Civil and Military 
Propeller Turbines—-A Review. Will the 


Propeller Turbine Oust the Piston Engine?, 
A. Baltensweiler. Airline Ops with Turbo 
props, E. L. killip 
Turbines. 


Propellers for Gas 


Variations on an Original Theme. 
George Edwards. Jhe Aeroplane, Feb. 13, 
1953, p. 206. By-pass and ducted-fan en- 


gine design 
Analysis of Temperature Distribution in 


Liquid-Cooled Turbine Blades. John N 
B. Livingood and \W. Byron Brown. 
(U.S.. NACA TN 2321, 1951.) USS., 


NACA Rep. 1066, 1952 
Doc., Wash. $0.25. 
Nodal Pattern Analysis. B. Grinsted 
IME Proc.(A), No. 3, 1952, p.309. = Tur- 
bine and impeller blade vibration studies 
Which Metal Form for Jet Engine 
Blades? John L. Everhart. Materials & 
Methods, Feb., 1953, p. 92. Service per 
formance vs. production methods 


21 pp. Supt. of 


Reciprocating 


The Effect of Combustion Time on 
Knock in a Spark Ignition Engine. LD. R 
Diggs. SAE Annual Meeting, Detroit, 
Jan. 12-16, 1953, Preprint. 10 pp. 

Explosions in Enclosed Crankcases of 
Reciprocating Engines: Their Cause, 
Effect, and Possible Remedy. John Lamb 
IME Proc.(A), No. 3, 1952, p. 327. 


Rocket 


Combustion Studies in Rocket Motors. 
Kurt Berman and Samuel H. Cheney, Jr. 
J. ARS, Mar.-Apr., 1953, p. 89. 

Liquid-Propellant Rocket Motors. I 
Theory. B.R. Diplock. Il —Design. D 
L. Lofts. UI—Development. R. A. 
Grimston. de Havilland Gazette, Feb., 
1953, p. 26. 

On Maximum Evaporation Rates of 
Liquid Droplets in Rocket Motors. S.S 
Penner. J. ARS, Mar.-Apr., 1953, p. 85. 

Some Simple Considerations of Com- 
bustion and Gas Dynamics in Liquid Pro- 


REVIEW 
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pellant Rocket Motors. E. T. B. Smith 
J. Brit. Interplanetary Soc., Mar., 1953, p 
OO. 

Servo-Stabilization of Low-Frequency 
Oscillations in a Liquid Bipropellant 
Rocket Motor. Frank E. Marble and 
Dale W. Cox, Jr. J. ARS, Mar.-Apr., 
1953, p. 63. 

Stability and Control of Liquid Propel- 
lant Rocket Systems. Y. C. Lee, M. R 
Gore, and C.C. Ross. J. ARS, Mar.-Apr 


1953, p. 75 
Production 
The Aircraft Industry 


Witt C. Ramsey. 


Dec. 28, 1952. 9 pp 


1952-53. De 
ATAA Paper 52-89, 


Engineering Ferspective Drawing; Pre- 
senting Engineering Information in Three 
Dimensions. John F. Lane. ach. Des., 
Jan., 1953, p. 106. Principles and working 
system developed at North American 
Aviation. 

Problems of Aircraft Production. II 
Prototype to Production: Paper 1, C. E 
Fielding. Paper 2, H. Povey. III--The 
Impact of Modifications on Production: 
Paper 1, T. Gilbertson. Paper 2, H. S 
Howat. IV--Summing-Up, W. C. Puckey 
Aircraft Eng., Mar., 1953, p. 74. (Also in 
Aircraft Prod., Feb., 1953, p. 52 

Punched Tape Guides Milling Machine 
Cutters. J. O. McDonough. Electronics, 
Apr., 1953, p. 185. Application of infor 
mation handling and feedback control 
techniques to automatic production of 
machined aircraft parts. 

Quality Control Methods; Their Use in 
Design. VII-—Determining Practical Tol- 
erances. VIII--Ascertaining Machine 
Capability. IX —Trouble-Shooting Design 
Defects. Dorian Shainin. Mach. Des., 
Jan., Feb., Mar., 1953, pp. 150; 160; 165 

The Use of Lithographic Reproduction 
in Aircraft Industry. D. Thomsett. Sar 
Prog., Winter, 1953, p. 12 

Why Boeing Undertook Project X. 
Wellwood E. Beall Aero. Dig., Feb., 
1953, p. 24 
project 

World’s Largest Forging Press; De- 
sign and Analysis of a 50,000-Ton-Ca- 
pacity Machine. F. T. Morrison and R.G 
Sturm. JJech. Eng., Mar., 1953, p. 191 
For USAF program. 


Prototype jet-transport 


Metalworking 


Metal-Bonding; Clamping Equipment 
Designed for Equal Pressure-Distribution. 
R. Clements. Aircraft Prod., Mar., 1953, 
p 76. 

Optical Control; Hilger-Watts Equip- 
ment for Boring-Mill Grooving Operation 
on Gas-Turbine Compressor Casings. 
Aire raft Prod Feb 19538, p. 30 

Aspects of Continuous Casting of Non- 
Ferrous Metals. IV—Porosity and Vary- 
ing Influential Factors. V, VI--Surface 
Appearance. B. H. C. Waters. Metal 
Treatment, Jan., Feb., Mar., 1953, pp. 3; 
79; 103. 


The Use of Castings in Airframe De- 
sign. A.H. Petersen. (etal Prog., Nov., 
1952, p. 67.) Engr. Dig., Feb., 1953, p 
44. 


ON THE 


NATION'S AIRLINES 

in Phat & 

Our nation’s airlines still rely 100% on recipro- 
cating engines because of their sturdy record of 
reliability and fuel economy. Leader in the devel- 
opment of more powerful aircraft engines has been 
the famous Wasp and Wasp Major series produced 
by Pratt & Whitney Aircraft. 

For many years, Foote Bros. have manufactured 
precision gearing for engines manufactured by 
Pratt & Whitney Aircraft, and this gearing has 
played its part in the superb service these engines 
have given the American public. 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
4545 South Western Boulevard e Chicago 9, Illinois 


FODTESB' 


Foote Bros. Gearing and Mechanical Drives are also 
contributing to the successful operation of many of the 
nation’s leading jet engines. Many of these jet engines 
are manufactured by Pratt & Whitney Aircraft for the 
Air Force and Navy. 
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Heat Treatment and Forming Opera- 
tions; Characteristics and Handling of 
75S Aluminum and Hot Dimpling Tools. 
Douglas Serv., Jan.-Feb., 1953, p. 1. 

‘Impacting’’—A Revolutionary New 
Forging Process. Harold C. Hood. Steel 
Processing, Nov., 1952, p. 553. 

New Process Yields Better Parts for 
Less Money. Thomas A. Dickinson. 
Steel Processing, Dec., 1952, p. 599. North 
American Aviation’s die-quenching tech- 
nique to  prefabricate aluminum-alloy 
grids. 

Stretch-Forming: I—Forming Large 
Double-Curvature Skin-Panels: The 
Avro Longitudinal Machine. IIl—Avro 
Practice in the Manipulation of Rolled and 
Extruded Section: Rotary Performing- 
Machine. Aircraft Prod., Feb., Mar., 
1953, pp. 40; 82. 

A. C. Argonarc Welding at Less than 50 
V. r.m.s. Open Circuit. J. C. Needham 
and L. H. Orton. Trans. Inst. Welding, 
Dec., 1952, p. 161. 

The Control of Distortion (The Presi- 
dential Address). Robert Jenkins. Tvans. 
Inst. Welding, Dec., 1952, p. 151. 

The Nature of Heat in the Welding 
Process. Robert T. Howard. Welding 
J., Feb., 1953, p. 127. 

Putting the Squeeze on Cold Welding. 
Norman Grossman. Prod. Eng., Feb., 
1953, p. 176. 

Redesign for Producibility Based on 
New Welding Technique. Prod. Eng., 
Dec., 1952, p. 174. For Wright Sapphire 
turbojet engine. 

The Role of Weld Metal Area in Weld- 
ing Hardenable Steels. C. R. McKinsey 


Imperial 


serial is known in drafting rooms 


all over the world as the 


quality tracing cloth 


With the background of decades of 
perience, its makers have pioneered 
ern improvements to maintain 
Imperial as the finest tracing cloth made 


traditional 


and J. F. Collins. Welding J. Res. Suppl., 
Mar., 1953, p. 125-s 

Shielding Arc-Welding Processes for 
Jet-Engine Components. K. H. Koop 
man. Welding J., Feb., 1953, p. 103. 

Temperature Distribution During Flash 
Welding of Steel. Il. E. F. Nippes, W. 
F. Savage, S. S. Smith, J. J. McCarthy, 
and G. Grotke. Welding J. Res. Suppl., 
Mar., 1953, p. 113 


Propellers 


Composite Blades. I, Il. Aircraft 
Prod., Jan., Feb., 1953, pp. 6; 68. Con 
struction and manufact of Rotol blades 
for the Vickers Viscou 

Inadvertent Propeller Reversing. 
Charles Daudt. A Line Pilot, Mar., 
1953, p. 2. 

Study of the Supersonic Propeller. Jean 
Fabri and Raymond Seistrunck. [Actes 
du Collogue Intern 
Poitiers, 1950 ( France, 
248).| U.S.. NACA TM 1355, Mar., 
1953. 23 pp. 

Subsonic Compressibility Corrections 
for Propellers and Helicopter Rotors. 
E. V. Laitone and Lawrence Talbot. JAS 
Preprint 398, Jan., 1953. 25 pp. Mem 
bers, $0.50; nonmembers, $9.85. 


Mécanique, 


Reference Works 


A Dictionary of Metallurgy. XII-XIV. 
A. D. Merriman and J.S. Bowden. Metal 
Treatment, Jan., Feb., Mar., 1953, pp. 35; 
71; 128. 


1. de l’Atir PST 


This titanium bolt produced 
by Harper meets the demands 
of today’s aircraft for lighter, 
stronger fastenings. 


The Harper Aero Division 
is producing fastenings of all 
the new high temperature al- 
loys, such as Discaloy Refrac- 
j taloy, A-286 and special 
J grades of stainless steel. 


JUNE, 1953 


14th Annual Directory Issue. Acro Dig 
Mar., 1953. 196 pp. Specs. and per 
formance of various types of aircraft, heli 
copters, and engines; indexes of manu 
facturers; equipment and supply data 

A Standardized Set of Symbols, Nota- 
tion and Equations of Motion to be Used 
in C.A.L. Flight Research Reports. Freder 
ick D. Newell. Cornell Aero Lab. FRM 
161, Nov. 24, 1952. 25 pp. 


Rotating Wing Aircraft 


First Annual Helicopter Edition. F/ig/t 
Mag., Dec., 1952. 74 pp. 

The Helicopter—A Blueprint for Prog- 
ress. L. Welch Pogue. Natl. Assn 
State Av. Off., St. Petersburg, Fla., Paper, 
Nov. 20, 1952. 34 pp. 

Basic Design Philosophy and Uses of 
Convertible Aircraft. E. Burke Wilford 
Am. Helicopter, Jan., 1953, p. 6. 

Composite Aircraft With Rotary and 
Fixed Wing Components. James A. J 
Bennett. Am. Helicopter, Feb., 1953, p. 6 

The Normal Component of the Induced 
Velocity in the Vicinity of a Lifting Rotor 
and Some Examples of Its Application. 
Walter Castles, Jr., and Jacob Henri De 
Leeuw U.S., NACA TN 2912, Mar., 
1953. 38 pp. 

Sikorsky S-55. Aero Dig., Feb., 1953, 
p. 26, cutaway drawing. 

Forward-Flight Lateral Stability and 
Flying Qualities Studies of the Tandem 
Helicopter. Kenneth B. Amer. JAS Pr 
print 400, Jan., 1953. 19 pp. Members, 
$0.35; nonmembers, $0.75 


DIVISION 


Harper metallurgists will 
work with you on the produc- 
tion of fastenings to meet any 
design,temperature,abrasion 
or corrosion conditions. 

THE H. M. HARPER COMPANY alate 
AERO DIVISION 
8282 Lehigh Avenue, Morton Grove, Ill. — Stainless Steel 


Specialists in high 
temperature fastenings of = 


Refractaloy « A-286 
Inconel ¢ Discaloy 
Hastelloy Alloys 


Greek Ascalloy 
Titanium 
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Trends in the Use of Electronic Equip- 
ment for Helicopter Stability and Control. 
Edward G. Vanderlip. Radio Tech. 
Comm. Aeronautics, Assembly Meeting, 
Buffalo, Sept. 25, 1952, Paper. 7 pp. 

British Helicopters. Vincent Evans. 
Pegasus, Mar., 1953, p. 10. 

Five Years of Helicopter Operation. 
James S. Ricklefs. Am. Helicopter, Mar., 
1953, p. 6. 

The Helicopter as a Meteorological Tool. 
Dwight L. Randall. Bul. AMS, Dec., 
1952, p. 416. 

Helicopter First-flight Problems. C. T. 
D. Hosegood. The Aeroplane, Mar. 18, 
1953, p. 316. Preliminaries to tests of the 
Bristol Type 173. 

A Method of Performance Reduction for 
Helicopters. F. O'Hara. Gt. Brit., ARC 
R&M 2770 (Oct., 1947), 1952. 12 pp. 
BIS, New York. $0.90. 

Some Thoughts on the Operational 
Future of the Helicopter. II, III. Peter 
G. Masefield. Am. Helicopter, Jan., Feb., 
1953, pp. 10; 9. 


Space Travel 


A Down-to-Earth View of Space Flight. 
Milton W. Rosen. Lecture, Second Sym- 
posium on Space Travel, Hayden Plane- 
tarium, New York, Oct. 18, 1952. 8 pp 
(Also in J. Brit. Interplanetary Soc., Jan., 
1953, p. 26.) Viking Rocket Project, 
NRL research factors. 

Escape to Infinity from Circular Orbits. 
Derek F. Lawden. J. Brit. Interplanetary 
Soc., Mar., 1953, p. 68. Abridged. 


AERONAUTICAL 


Human Flight at the Limits of the At- 
mosphere; G-Forces and Weight in 
Space Travel. Fritz Haber. Lecture, 
Second Symposium on Space Travel, Hay- 
den Planetarium, New York, Oct. 18, 1952. 
9 pp. (Also in J. Brit. Interplanetary 
Soc., Jan., 1953, p. 32.) 


The Juvenation of Mars. III. Wayne 
Proell. J. Space Flight, Mar., 1953, p. 1. 
Astronautical problems. 


Radio Communication Across Space— 
Ship-to-Ship and Ship-to-Planet. George 
O. Smith. Lecture, Second Symposium on 
Space Travel, Hayden Planetarium, New 
York, Oct. 18, 1952. 15 pp. (Also in J. 
Brit. Interplanetary Soc., Jan., 1953, p. 
13.) 


Structures 


The Application of Equivalent Currents 
to the Slope Deflection Analysis of Struc- 


tures. Fred H. Fenn. La. State U. Eng.’ 


Exp. Sta. Bul. 20,1950. 21 pp. 


A Comparative Investigation on the 
Fatigue Strength at Fluctuating Tension 
of Several Types of Riveted Lap Joints, a 
Series of Bolted and Some Series of 
Glued Lap Joints of 24 St Alclad. A. 
Hartman and G. C. Duyn. Netherlands, 
NLL Rep. M.1857 (Rep. & Trans.), 1952. 
26 pp. 

Flexure Pivots—Design Formulas and 
Charts. Arthur G. Thorp, II. Prod. 
Eng., Feb., 1953, p. 192. For wind-tunnel 
structure. 
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Heavy Disk Supported by Concentrated 
Forces. Yi-Yuan Yu. Quart. Appl. 
Math., Oct., 1952, p. 280. 

A Linear Time-Temperature Relation 
for Extrapolation of Creep and Stress- 
Rupture Data. S. S. Manson and A. M. 
Haferd. U.S., NACA TN 2890, Mar., 
1953. 49 pp. 

The Scope and Limitations of the Photo- 
elastic Method of Stress Analysis. H. T. 
Jessop. J. RAeS, Mar., 1953, p. 125. 

Stress Analysis of Circular Frames in a 
Non-tapering Fuselage. J. RAeS, Mar., 
1953, p. 151. 

The Stress Distributions Induced by 
Concentrated Loads Acting in Isotropic 
and Orthotropic Half Planes. H. D. Con- 
way. J. Appl. Mech., Mar., 1953, p. 
82. 


Bars & Rods 


An Investigation of the Plastic Behaviour 
of Metal Rods Subjected to Longitudinal 
Impact. J. D. Campbell. J. Mech. & 
Phys. Solids, Jan., 1953, p. 118. 

The Necking and the Rupture of Rods 
Subjected to Constant Tensile Loads. 
N. J. Hoff. J. Appl. Mech., Mar., 1953, p. 
105. 

Screw Dislocations in Thin Rods. J. D. 
Eshelby. J. Appl. Phys., Feb., 1953, p. 
176. 


Beams & Columns 


The Creep Deflections of Beams and 
Columns. Yoh-Han Pao and Joseph 
Marin. IAS Preprint 406, Jan., 1953. 19 
pp. Members, $0.35; nonmembers, $0.75. 


| AIRC RAFT APPROVED 
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STAINLESS STEEL 


THE EMERSON MFG Co 
LOMISSANT AVENUE 
ST LouIs 21. MO 


“The 
Company 


GENERAL ELECTRIC 
courant 


APPARATUS SALES DIVISION 


THREE-WAY NORMALLY OPEN AND 


NORMALLY CLOSED 
WEIGHT ONLY 1% LBS. APPROX. 3/4” HIGH 


Soft synthetic rubber inserts in plunger prevent 


leakage.. 


-Spring loaded for positive action...Power consump- 
A representative exhibit of a few of our customers who have 


long used Bardwell & McAlister, Inc. as a source of supply for 


tion approx. 10 watts...Usable in any position...Operating pres- 


sure to 150 P.S.I.... Fluid connections to suit your specifications. 


2 Some models for aircraft, such as valve illustrated, have 
locking steel threaded inserts and 


Yellow Dot approval. Other solenoid aircraft valves available 
studs in all materials softer than steel 


and under development for pressures to 3,000 P.S.I. 


Two-way normally open and normally closed solenoid valves 


for special media such as liquid oxygen, nitric acid and concen- 
You are invited to join our “Good 


Company” — write for our Rosdn 
Catalog, Dept. 43. 


trated hydrogen peroxide are also available in a variety of sizes. 


Inquiries regarding your solenoid valve 


problemsare welcomed. 


VALVE DIV. 


THE SKINNER CHUCK COMPANY 
104 Edgewood f.ve., New Britain, Conn. 


ROSAN Locked-in Studs 


BARDWELL & McALISTER, Inc. 


ROSAN Threaded Insert 


BURBANK, CALIFORNIA 


The Original manufacturer of the Rosan Locking System 


We 
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FOREMOST FOR FLIGHT. 


CONCAVE 
Aircraft Bearings | 


Up in the skyways where the real test of 
bearing performance is made, the superior 
quality, design and performance of Shafer 
Aircraft Control Bearings have earned 
universal preference. 


With Shafer dependability you get assur- 
ance of maximum bearing life, low cost 
maintenance, all-round bearing economy 
... and safety. For Shafer Aircraft Bearings 
are a development of continuous research- 
engineering that has paced aviation’s stiff- 
est bearing specifications throughout the 
past third century. Write for descriptive 
literature covering our complete line of both 
aircraft and industrial bearings. 


‘19 


SELF-ALIGNING 


ROLLER BEARINGS 


AIRCRAFT INDUSTRIAL 
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The End Problem of Rectangular Strips. 
G. Horvay. J. Appl. Mech., Mar., 1953, p 
87. 

Formulas for Integrals Containing Char- 
acteristic Functions of a Vibrating Beam. 
Robert P. Felgar, Jr. U. Tex. Bur. Eng 
Res. Circ. 14, 1950. 55 pp. 

Influence Coefficients of Tapered Can- 
tilever Beams Computed on SEAC. 
Samuel Levy. J. Appl. Mech., Mar., 
1953, p. 131 

On a ‘Paradox’? in Beam Vibration 
Theory. E.H. Lee. Quart. Appl. Math., 
Oct., 1952, p. 290. 

Rails on Elastic Foundations Under the 
Influence of High-Speed Traveling Loads. 
H. E. CrinerandG. D. McCann. J. Appl 
Wech., Mar., 1953, p. 18. Project SNORT 
high-speed track at NOTS, Inyoken 

The Stability and Strength of Stocky 
Beams. A. R. Flint. J. Mech. & Phy: 
Solids, Jan., 1953, p. 90. 

Stresses in Curved Beams Tabular 
Method of Solution Based on Winkler’s 
Theory (Design Data and Methods). W 
Wright. J. Appl. Mech., Mar., 1953, p. 
138 


Cylinders & Shells 


The New Approach to Shell Theory: 
Circular Cylinders. E. H. Kennard. J 
Appl. Mech., Mar., 1953, p. 33 

On the Maximum Numerical Value of 
the Tangential Stress in Thick-Walled 
Cylinders (Design Data and Methods). 
T. Ranov and F. R. Park. J. Appl 
Mech., Mar., 1953, p. 134. 

Photoelastic Determination of Stresses 
in a Cylindrical Shell. H. Fessler and R. T 
Rose. Brit. J. Appl. Phys., Mar., 1958, p 
76. 

A Problem of Finite Bending of Toroidal 
Shells. R. A. Clark and E. Reissner 
Quart. Appl. Math., Jan., 1953, p. 321 


Elasticity & Plasticity 


An Analysis of the Plastic Bending of a 
Thin Strip in Its Plane. F. A. Gaydon 
J. Mech. & Phys. Solids, Jan., 1953, p 
103 

A Boundary Value Problem in the 
Theory of Plastic Wave Propagation. E 
H. Lee. Quart. Appl. Math., Jan., 1953, p 
O00 

Large Deflections of Semi-Oval Rings. 
A. Van Wijngaarden. Netherlands, NLL 
Rep. S.313 (Rep. & Trans.), 1951. 7 
pp 

Minimum Weight Design and the 
Theory of Plastic Collapse. J. Foulkes 
Quart. Appl. Math., Jan., 1953, p. 347 

Some Problems of Orthotropic Plane 
Stress. H. D. Conway. J. Appl. Mech., 
Mar., 1953, p. 72. 

Variational Principles of Equilibrium of 
an Elasto-Plastic Body. Y. Yamamoto 
Quart. Appl. Math., Oct., 1952, p. 215 


Plates 


The Bending of a Wedge-Shaped Plate. 
S. Woinowsky-kKrieger. J. Appl. Mech., 
Mar., 1953, p. 77. 

Direct-Reading Design Charts for 24S- 
T3 Aluminum-Alloy Flat Compression 
Panels Having Longitudinal Formed Hat- 
Section Stiffeners and Comparisons with 
Panels Having Z-Section Stiffeners. Wil 
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$elf-aligning up to 10° 
either side of center 
radial-thrust load 
eapacity 
Exceptional shock load ( 
Positive contact seals 
Rod Ends of e 
4620 steel 
= and rollers of 
§.A.E. 52100 steel 
Exposed surfaces cad- 
mium plated 
_. Types and sizes for all 
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Performance proven for t 
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liam A. Hickman and Norris F. Dow. 
U.S., NACA TN 2792, Mar., 1953. 71 
pp. 

Dynamic Buckling of Thin Elastic 
Plates. G. A. Zizicas. ASME, Spring 
Veeting, Seattle, Mar. 24-26, 1952, Paper 
52-S-3. 10 pp. 

Pure Bending and Twisting of Thin 
Skewed Plates. Eric Reissner. Quart 
Appl. Math., Jan., 1953, p. 395. 

Stability of Thin Elastic Plates Cover- 
ing an Arbitrary Simply Connected Region 
and Subject to any Admissible Boundary 
Conditions. G. A. Zizicas. J. Appl. 
Mech., Mar., 1953, p. 23. 39 refs. 

Twisted Square Plate Method and 
Other Methods for Determining the Shear 
Stress-Strain Relation of Flat Sheet. Wal- 
ter Ramberg and James A. Miller. U-.S., 
NBS J. Res., Feb., 1953, p. 111. (Also 
available as Res. Paper 2397. Supt. of 
Doc., Wash. $0.15.) 


Testing 


Fatigue Testing; Its Machines and 
Methods. I, Il. T. R. Bruenich. Prod 
Eng., Feb., Mar., 1953, pp. 128; 148. 

A Nondestructive Differential-Pressure 
Test for Thin Shells. J. C. New. J. 
Appl. Mech., Mar., 1953, p. 48. 

The Peeling Test on Redux-bonded 
Joints; A Theoretical Analysis of the Test 
Devised by Aero Research Limited. G. J. 
Spies. Aircraft Eng., Mar., 1953, p. 64. 

Research and Structural Testing; Com- 
prehensive Equipment at Belfast: Struc- 
tural Tests on the Short S.A.4 Aircraft. 
J. C. Bissett. Aircraft Prod., Mar., 1953, 
p. 106. 

Stress-Strain Relation in Shear From 
Twisting Test of Annulus. Walter Ram- 
berg and James A. Miller. U.S., NBS J 
Res., Feb., 1958, p. 125. (Also available 
as Res. Paper 2398. Supt. of Doc., Wash. 
$0.10.) 


Thermodynamics 


The Calculation of the Efficiency of 
Heat Regenerators. D. N. de G. Allen. 
Quart. J. Mech. © Appl. Math., Dee., 
1952, p. 455. 

Isobaric Heat Capacity; Analytical De- 
termination from Joule-Thomson Co- 
efficients. Kwang-Tzu Yang. Ind. & 
Eng. Chem., Apr., 1953, p. 786 


Combustion 


Carbon Formation in Flames of Aro- 
matic Hydrocarbons. W. Sacks and 
M. T. I. Ziebell. (Canada, NAE LR-30, 
June, 1952.) Canada, NAE R18, 1953 
9 pp. 

Representation of Nonlinear Field Func- 
tions by Thiele Semi-Invariants. William 
M. MacDonald, III, John M. Richardson, 
and Leon P. Rosenberry. Quart. Appl. 
Vath., Oct., 1952, p. 284. Flame-propa- 
gation studies 

Schematic Theory of Flame Propaga- 
tion. Taro Kihara and Joseph O. Hirsch- 
felder. U. Wis. Naval Res. Lab. Dept. 
Chem. Rep. CM-766, Feb. 25, 1953. 19 
pp. 

Water-Channel Analog to High-Velocity 
Combustion. A. kK. Oppenheim. J. Appl. 
Mech., Mar., 1953, p. 115. 
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4OU THINK OF 


z 


BS FRAME 


F FRAME 


CB FRAME 


FB FRAME 


SERVICES 
1-, 3-, & 5- 
speed Syn- 

chronous 
AC Dynamically 
Braked 
Adjustable speed 
Governor-Con- 
trolled 
Self-Starting 
Reversible 


ELINCE 


“or ELINCO 


O 


SUB-FRACTIONAL MOTORS 
AND GENERATORS 


This time, try Elinco on that “special” problem 
of instrumentation. With hundreds of variations 
on over 600 basic models already manufactured, 
you may find that your special problem has been 
“pre-engineered” in the design files at Elinco. 
In tachometers, for instance, Elinco has devel- 
oped countless high-precision variations of: 


AC TACHOMETERS DC TACHOMETERS 
2-4-6-12 Poles 0.9 to 10 Volts at 100 r.p.m. 
1-2-3 Phase Voltage Output Linear 
Standard Units With Speed Within 

Sine Wave Units 1% in Either Direction 


FEATURES 


Instrument-type precision ball bearings. 

Every unit balanced dynamically . . . and 
individually tested under specific 
load conditions. 

Ultra-precision manufacture of all parts. 


PLUS 
ANY physical or electrical variation to 
meet your specific requirements. 
OVER 600 basic models with hundreds 
of variations already manufactured. 


TYPES 
AC e DC e Universal 
Servo e Self-synchronous 


RATINGS 1/3000 to 1/6 H P 
PHASES One-, two-, and three-phase 


WINDINGS 
Compound e Shunt e Series 
Separately Excited e Split Field 
Permanent Magnet e Reluctance 
Hysteresis e Stabilized Hysteresis 
Induction e Drag Cup 


PLEASE 


... Outline your problem in full detail when 
requesting quotations or literature. We have 
NO STOCK UNITS, no “mass-produced” units 
available. Every ELINCO unit is a precision 
instrument, specially designed and manufac- 
tured to meet your highest specific perform- 
ance standards. 


ELECTRIC INDICATOR CO. 


CAMP AVENUE e SPRINGDALE e CONN. 
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SUB-MINIATURE INDICATOR ASSEMBLIES 


A great aid to your miniaturization program 


MOUNT IN 15/32” HOLE 
ALL LENS COLORS 


Easy lamp replacement 
with any midget flanged 
base lamp types 


Complete blackout 
ACTUAL or semi-blackout ae ACTUAL 


SIZE SIZE 
NON-DIMMING dimmer types MECHANICAL 
No. 8-1930-621 DIMMER 


No. 11-1930-621 


THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 


REPLACE 
WITH THIS 


PLASTIC PLATE (EDGE) LIGHT ASSEMBLIES: 


AIR FORCE and BUREAU of AERONAUTICS 
MIL-L-7806 DRAWING MS-25010 
DIALCO No. TT-51 (Red filter-black top) 

... of, No. TT-51A, complete with No. 327 Lamp 


ALSO MADE 
with other filter colors 
and with light-emitting 

top (for indication) 


ALL OF THE ASSEMBLIES ILLUSTRATED 
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Heat Transfer 


The Application of Relaxation Methods 
to the Solution of Non-Elliptic Partial Dif- 
ferential Equations. II—The Solidifica- 
tion of Liquids. D. N. de G. Allen and 
R. T. Severn. Quart. J. Mech. & App 
Math., Dec., 1952, p. 447. 

A Case of Combined Radial and Axial 
Heat Flow in Composite Cylinders. V.R 
Thiruvenkatachar and B. S. Ramakrishna 
Quart. Appl. Math., Oct., 1952, p. 255 

Design and Operation of a Large Heat 
Transfer Installation. N. Brearly. 
Proc. (A No 1952, p. 350. 

Heat and Momentum Transfer Between 
a Spherical Particle and Air Streams. 
Y. S. Tang, J. M. Duncan, and H. E 
Schweyer. } U.S., NACA 1N 2867, Mar., 
1953. 48 pp. 45refs. 

Heat Conduction in Solids as an Eigen- 
value Problem. G. D. 
Quart. J. Mech. & Appl. 
1952, p. 466 

Numerical Method for Porous Heat 
Sources. P. J. Schneider. J. Appl 
Phys., Mar., 1953, p. 271. 

Temperature Gradients in Inductively 
Heated Cylinders. R. J. Thorn and O. C 
Simpson. J. Appl. Phys., Mar., 1953, p 
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Wassermann 


Math., Dec., 


Water-Borne Aircraft 


Tank Tests on a Jet-Propelled Boat- 
Seaplane Fighter (Saunders-Roe E6/44). 


G. L. Fletcher. Gt. Brit., ARC R@&M 
2718 (Jan. 1946), 1952. 31 pp. BIS, New 
York. $1.90, 


Wind Tunnels & Research 
Facilities 


Aeronautical Research Facilities. 
Minn. Inst. Tech. Dept. Aero. Eng., Re 
Rep. 74, 1951. 74 pp. 

Proof by Trial. R. F. Heiser. Jn 
strumentation, First Quarter, 1953, p. 4 
Testing of aircraft and components at Air 
Proving Ground, Eglin AFB, Fla. 

Flow Structure and Pressure Recovery 
in a Supersonic Open Jet Wind Tunnel. 
J. G. Hall. Canada, NAE Note 9 (LR-19, 
Nov., 1951), 1952. 43 pp. 

A Frost Point Hydrometer for Super- 
sonic Wind Tunnels. D. Beastall and A 
Winyard. Gt. Brit., ARC CP 106, 1953 
8 pp. BIS, New York. $0.40. 

Getting Closer to the Stars. J. D 
Stewart. Instrumentation, First Quarter, 
1953, p. 24. University of Toronto Insti 
tute of Aerophysics hypersonic wind tun 
nel research. 

Some Investigations into the Design 
of Wind Tunnels with Gas Turbine Jet 
Engine Drives. H. J. Higgs. Gt. Brit., 
ARC CP 107 (May, 1950), 1953. 
BIS, New York. $38.75. 

Effect of Parallel-Jet Mixing on Down- 
stream Mach Number and Stagnation 
Pressure with Application to Engine Test- 
ing in Supersonic Tunnels. Harry Bern 
stein. U.S., NACA TN 2918, Mar., 1953 
26 pp 

Strength Tests by Towing in Water; 
Description of an Economical Method 
Used in Germany Before and During the 
War. Winfred Braun. Aircraft Eng 
Jan., 1953, p. 22. 
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SILASTIC* helps Westinghouse sail another FIRST... 
“COOKING without LOOKING” 


Engineers have been working for years 
to make a heat control system for electric 
range surface units that would forever 
banish pot watching. But it took 
Westinghouse, using a bit of Silastic, a 
thermistor, and a few relays and vacuum 
tubes, to perfect the “Electronic Eye.” 
This heat control system regulates the 
temperature so accurately that food can 
be warmed, boiled or fried without 
danger of burning or scorching—even 
if all the water is boiled away. 

The heart of the temperature measuring 
device, the thermistor, is embedded 

in Silastic paste for protection and 
heat transfer. Flexible Silastic insulated 
cable is used to connect the thermistor 

to the exterior wiring, and the 
Electronic Eye itself is isolated in the 
center of a flexible Silastic diaphragm. 
The Silastic components have stood up 
under exposure to boiling water, oil, 
grease, coffee and syrup, as well as 
accelerated life testing equivalent 

to 15 years of actual service. 


Performance proves... 


works 


where other materials fail ! 


Many of the most able designers, like those Westinghouse 
men who made automatic cooking a practical reality, save 
time and money by trying Silastic first when they need 
rubbery properties at temperatures far above or below the 
limits of any ordinary rubber. And exceptional stability at 
both high and low temperatures is combined in Silastic with 
excellent resistance to outdoor weathering and good resist- 
ance to a variety of hot oils and chemicals. Further proof of 
the inherent stability of Silastic is given in this small graph 


Dielectric Life During Aging at 275°C 
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T. M. REG, U. S. PAT. OFF. 


ATLANTA first in 
CHICAGO silicones 
CLEVELAND 
DOW CORNING 
WEW YORK CORPORATION 


WASHINGTON, D. C. 
(Silver Spring, Md.) 


Midland, Michigan 


Canada; Fiberglas Canada Ltd., Toronto « England: Midiand Silicones Lid., London 


showing the effect of aging at 275°C (527°F) on the dielectric 
strength of Silastic. 


Dielectric strength measured with “% inch electrodes in air 
on two layers of Silastic R Tape, for example, average 0.475 
KV per mil. After 20 weeks of continuous aging at 275°C 
with both surfaces exposed in an air circulating oven, dielectric 
strength gradually decreased from a high of 0.601 to 0.485 KV 
per mil. 


That's the kind of performance that makes Silastic, the Dow 
Corning silicone rubber, unique among all rubbery materials. 
When you need rubbery properties at temperatures above 
150°F or below —40°F, or excellent dielectric properties 
in a resilient and flexible material specify Silastic. 


MAIL COUPON TODAY FOR DATA ON THE PROPERTIES, PERFORMANCE 
AND APPLICATIONS OF SILASTIC. 


DOW CORNING CORPORATION, Dept. A-6, Midland, Michigan 
Please send me: 
C1 Silastic Facts 10a, properties and applications of Silastic stocks and pastes. 


ust Fabricators. 
ETS om me", your new 32-page booklet on silicone products and applications. 
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The Finest 


/ ELECTRICAL \ 
| CONNECTOR 


MONEY CAN 


SCINFLEX 


LOWEST VOLTAGE DROP 
IN THE INDUSTRY! 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


Moisture-Proof Radio Quiet * Single Piece Inserts Vibration-Proof « 
Light Weight e High Insulation Resistance e High Resistance to Fuels 
and Oils e Fungus Resistant e Easy Assembly and Disassembly « 
Fewer Parts than any other Connector ¢ No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of 


SIDNEY, NEW YORK 


AVIATION CORPORATION 

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 
FACTORY BRANCH OFFICES: 118 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan © Brouwer Bidg., 176 W. Wisconsin 
Avenue, Milwaukee, Wisconsin © 582 Market Street, San Francisco 4, California 


you'll get better results 


wit KRKWRIGE 


First, the drawing and second, the reproduc- 
tion will be cleaner, clearer, sharper when 
you use Arkwright Tracing Cloths. 


In the drawing you'll work more smoothly, 
easily—without pinholes, uneven yarns or 
other imperfections to slow you. You'll get 
clean, “‘feather-free’”’ lines even over an erasure. 
In the reproduction you'll always have clear, 
“contrasty” results because Arkwright Cloth 

is permanently transparent—won’t discolor 

or turn brittle and opaque with age like 
inferior products. 

Are you interested in results like these? 

Specify Arkwright Tracing Cloths. 

Write for samples to Arkwright 

Finishing Co., Industrial Trust soit 
Providence, R. I. 
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utilization of Colombia’s physical and financial 


AERODYNAMICS 


The Theory of Homogeneous Turbulence. 
G.k. Batchelor. London, New York, Cambridge 
University Press, 1953 197 pp., diagrs. $5.00 

This volume is the first in a series of Cambridge 
Monographs on Mechanics and Applied Mathe 
matics. Later volumes are to include works on 
turbulent shear flow, hydrodynamic stability, and 
high-speed flow. Dr. Batchelor, who is Lecturer 
in Mathematics in the University of Cambridge 
has intended this treatise to fill the need for a sys- 
tematic and complete account of the established 
knowledge of turbulence In the selection of 
experimental data and in the assessment of 
theoretical contributions, he has leaned heavily 
on the great amount of research carried out at 
Cambridge by himself and his colleagues. The 
exception to completeness is in the exclusion of all 
work requiring a Lagrangian, or motion-of-a 
particle, description of the flow Thus no men 
tion of the important problem of turbulent dif 
fusion willbefound. The manner of presentation 
has been chosen, not with an eye to the needs of 
mathematicians or physicists or any other class of 
people, but according to what is best suited, in the 
author’s opinion, to the task of understanding the 
phenomenon Mathematical analysis is used 
extensively, and descriptive physics have been 
employed where they would help the understand 
ing. In Chapter 1, the author introduces the 
study of homogeneous turbulence, formulates the 
problem mathematically, and gives a brief his 
tory of the subject. Chapters 2 and 3 are con 
cerned with the mathematical presentation of the 
field of turbulence and the kinematics of homo 
geneous turbulence (velocity and vorticity correla 
tion, spectrum tensors, symmetry conditions, iso 
tropic turbulence) Some linear problems 
simple harmonic oscillator subject to a random 
force, passage of a turbulent stream through wire 
gauze, effect of sudden distortion of a turbulent 
stream—are discussed. The remaining four chap 
ters have as their topics: The General Dynamics 
of Decay, The Universal Equilibrium Theory 
Decay of the Energy-Containing Eddies, and The 
Probability Distribution of u(x). The bibli 
ography at the end of the work contains over 170 
references, some as recent as 1952. The book 
concludes with a brief index of subjects and names 
Dr. Batchelor’s account of homogeneous turbu- 
lence should prove of great value in the field of 
aeronautics, as wellas meteorology, oceanography, 
astrophysics, and chemical engineering. 


AIR TRANSPORTATION 


The Basis of a Development Program for 
Colombia. Report of a Mission Headed by 
Lauchlin Currie and Sponsored by the Inter 
national Bank for Reconstruction and Develop 
ment in Collaboration with The Government of 
Colombia Baltimore, The Johns Hopkins 
642 pp., maps, tables. $5.00. 

This report covers a wide range of subjects, but 


Press, 1952 


the central consideration is the best possible 


resources, and the ways in which both govern 
ment and private agencies can contribute to that 
end. Of particular interest are chapters 8 and 21, 
which are concerned with air transportation. In 
Chapter 8 are given statistical data on airlines, 
airports, and equipment, together with some his- 
torical notes. Chapter 21 contains recommenda- 
tions for a program of administrative reorganiza 
tion and government regulation for the improve 
ment of aviation facilities and equipment; capital 
requirements are estimated. Other chapters of 
interest are devoted to economics, industry, and 
service transportation 


AIRPORTS 


Proceedings of the 1952 Conference Airport 
Management and Operations. Held at the 
Extension Study Center, The University of 
Oklahoma, North Campus, October 9-10, 1952 
Sponsored by Flight Magazine and The Univer 
sity of Oklahoma with the Co-Operation of the 
Civil Aeronautics Administration. Norman, 
Okla., University of Oklahoma, 1952. 102 pp 

Text and discussions of the following papers: 
The Present Blocks to Civil Airport Develop 
ment, Walter E. Betsworth. Helicopters Are 
Coming, Hans Weischel, Jr. Can the Airlines 
Use the Helicopter? L. S. Wigdortchik. The 
NACA and Civil Aviation Problems, John F 
Victory. The Career Airport Manager and His 
Future, B. M Conference Board of 
Inquiry: ‘Is Military Aviation Kicking Civil 
Aviation Around?’’ William M. Berry A Re 
port of the Industry, Donald W. Nyrop. The 
Airport Problems of the Local Service Airline, 
Paul Rodgers. Your Airport—A Public Trust, 
Warren A. Hope. Sales Promotion for Opera 
tors. Concessions and Finances, Bennett H. 
Griffin, The Margin of Safety—A Close Look at 
Safety Over the Airport, John M. Chamberlain 
General Aviation One Year Later, John H. Burke 


Doolin 


CONVERTIBLE AIRCRAFT 


Proceedings of the Second Convertible Aircraft 
Congress, Philadelphia, December 12, 1952. 
Sponsored by the Pioneers in Convertible Aircraft 
in Cooperation with the Philadelphia Sections of 
the American Helicopter Society and the Insti- 
tute of the Aeronautical Sciences New York, 


For Information on IAS 
Library Service Facilities, 
see page 95 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 

pressions and not necessarily 
| those of the Institute. | 
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IAS, 1953 143 pp., illus., diagrs 
to Members of the IAS and AHS). 

Contents: New Comments on Configurations, 
Louis de Monge de Franeau. Super Speed Con- 
verti-Planes for Military and Commercial Use, 
Alfred I. Roman. Composite Aircraft with 
Rotary and Fixed Wing Components, J. A. J 
Bennett. The Operable Model of the S.S.S. 
Convertoplane, G. P. Herrick. Jet Propulsion 
for Convertaplanes, David C. Prince 


$5.00 ($3.00 


Develop 
ment of Convertiplane, Grover C. Loening 
Basic Design Philosophy, E. Burke Wilford. 
The High-Speed Convertiplane, F. M. Gloeckler. 
Movies of Free-Flight Model Convertiplane, 
L. M. Patrick. Airlines Appraisal of Convertible 
Aircraft, G. H. Aldrich. The Position of the 
Convertible Aircraft in Army Aviation, William 
B. Bunker Impressions of a Newcomer, C. E. 
Rosendahl. Medvedeff Monocopter (Converti- 
plane), N. J. Medvedeff. When Will the Con- 
verted Plane Come, Antoine Gazda. The Con- 
vertaplane—A Historical Resume and Definition, 
E. K. Liberatore. Listing of Sponsors, Guests, 
Registrants, and Participants at the Congress. 


MANAGEMENT 


A Short-Term Training Program in an Aircraft 
Engine Plant. (U.S., Department of Labor, 
Women’s Bureau, Bulletin No. 245.) Washing- 
ton, Superintendent of Documents, 1953. 11 pp. 
$0.30 

Engineering Valuation and Depreciation. 
Anson Marston, Robley Winfrey, and Jean C 
Hempstead 2d Ed New York, McGraw-Hill 
Book Co., Inc., 1953. 508 pp. $8.00 

A major revision of Marston and Agg’s Engi- 
neering Valuation, this volume retains all the 
major subject material, but is totally rewritten 
rearranged, and modernized. The text deals with 
concepts and procedures involved in the appraisal 
of industrial, commercial, utility, and natural re 
source properties for which it is desirable that 
engineers perform the appraisal. There is a new 
chapter on the rate of return which offers the 
reader a treatment on fair rate of return. There 
are detailed discussions on depreciation and serv 
ice lives with a new approach for appraisal and 
accounting purposes. There is a more direct and 
complete treatment of valuation of mines and 
limited-life enterprises, including a full investiga 
tion into the uncertainty of the use of the two- 
rate Hoskold formula. An increased use of illus- 
trative material has been adopted, and former 
illustrations have been redone. Figures on price 
and cost trends have been brought up to date. 


MATHEMATICS 


Construction and Applications of Conformal 
Maps. Froceedings of a Symposium Held on 
June 22-25, 1949, at the Institute for Numerical 
Analysis of the National Bureau of Standards at 
the University of California, Los Angeles. Edited 
by E. F. Beckenbach. (National Bureau of 
Standards, Applied Mathematics Series No. 18.) 
Washington, Superintendent of 
December 26, 1952. 


Documents, 

280 pp., diagrs. $2.25 
Contents: On Network Methods in Conformal 

Mapping and in Related Problems, R. von Mises. 
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RG/ LOW TEMPERATURE CABLE 


for SIGNAL CORPS 


and AIR FORCE 


@ Full Electrical and Mechanical 
Efficiency at —40° C. 

@ Non-Contaminating Black 
Jacket. 

@ Identification by Ink Marking 
to Eliminate Thin Spots on the 
Jacket. 


For several years the Signal Corps has 
been looking for a cable jacket com- 
pound that meets the requirements 
listed above. In addition, the cable must 
be capable of being bent around a 
mandrel ten times the diameter of the 
cable at —40° C. without cracking. 
AMPHENOL’s new low temperature ca- 
ble, now on a production basis, not 
only fully meets all of these require- 
ments but also provides a large safety 
margin. 


CONNECTORS for RG/ CABLES 


Because AMPHENOL has complete lab- 
oratory and engineering facilities, re- 
search on RF Connectors is a constant 
development. New connectors are 
constantly being added to the list of 
cataloged items. As a result, AMPHENOL 
offers the most complete selection of 
quality RF Connectors available from 
a single manufacturer. 

For complete information on the en- 
tire line of AMPHENOL manufacture, 
write today for your free copy of the 
AMPHENOL B-2 General Catalog. 


AMERICAN PHENOLIC CORPORATION 
1830 SOUTH 54TH AVENUE + CHICAGO 50, ILLINOIS 


Flow Patterns and Conformal Mapping of Do 
mains of Higher Topological Structure, R. Cour 
ant. Some Industrial Applications of Conformal 
Mapping, H. Poritsky. Conformal Maps of 
Electric and Magnetic Fields in Transformers and 
Similar Apparatus, G. M. Stein. Conformal 
Mapping Applied to Electromagnetic Field Prob 
lems, Ernst Weber. On the Use of Conformal 
Mapping in Two-dimensional Problems of the 
Theory of Elasticity, I. S. Sokolnikoff. Con 
formal Mapping Related to Torsional Rigidity 
Principal Frequency, and Electrostatic Capacity 
G. Szegé. Fluid Dynamics, Conformal Mapping 
and Numerical Methods, Andrew Vazsonyi. The 
Use of Conformal Mapping in the Study of Flow 
Phenomena at the Free Surface of an Infinite Sea 
Eugene P. Cooper. An Application of Conformal 
Mapping to Problems in Conical Supersonic 
Flows, R. C. F. Bartels and O. Laporte. On the 
Helmholtz Problem of Conformal Representation 
Alexander Weinstein. Some Generalizations of 
Conformal Mapping Suggested by Gas Dynamics 
Lipman Bers. The Use of Conformal Mapping 
to Determine Flows with Free Streamlines 
David M. Young. Conformal Mapping in Aero 
dynamics, With Emphasis on the Method of 
Successive Conjugates, I. E. Garrick. On the 
Convergence of Theodorsen’s and Garrick’s 
Method, A. M. Ostrowski. On a Discontinuous 
Analogue of Theedorsen’s and Garrick’s Method 
A. M. Ostrowski. On Conformal Mapping o! 
Variable Regions, S. E. Warschawski. A Varia 
tional Method for Simply Connected Domains 
A. C. Schaeffer and D. C. Spencer. Some Re 
marks on Variational Methods Applicable t« 
Multiply Connected Domains, M. Schiffer and 
D. C. Spencer. The Theory of Kernel Functions 
in Conformal Mapping, S. Bergman and M. Schif 
fer. A New Proof of the Riemann Mapping 
Theorem, P. R. Garabedian. The Kernel Func 
tion and the Construction of Conformal maps 
Zeev Nehari. An Approximate Method for Con 
formal Mapping, Lee H. Swinford. On the 
Effective Determination of Conformal Mapping 
Max Shiffman The Difference Equation 
Method for Solving the Dirichlet Problem, P. C 
Rosenbloom. Relaxation Methods as Ancillary 
Techniques, Richard Southwell. Conformal In 
variants, Lars V. Ahlfors and A. Beurling. On 
Subordination in Complex Variable Theory, E. ! 
Beckenbach and E. W. Graham. Asymptotic 
Developments at the Confluence of Boundary 
Conditions, Hans Lewy Monodiffric Function 
Rufus Isaacs. Recent Contributions of the 
Hungarian School to Conformal Mapping 
G. Szegé. Bibliography of Numerical Methods 
in Conformal Mapping, W. Seidel 


Introduction to the Theory of Stochastic Proc- 
| esses Depending on a Continuous Parametet. 
| Henry B. Mann (National Bureau of Stand 

ards, Applied Mathematics Series No. 24.) 
Washington Superintendent of Document 
February 11, 1953 45 pp. $0.30 


METEOROLOGY 


Cloud Forms According to the International 
Classification. Definitions and Descriptions Ap 
proved by the International Meteorological 
Organization with Photographs of Clouds. Sixth 
Ed. (incorporating resolutions of Washington 
1947). (Gt. Brit. Meteorological Office, M.O 
233.) New York, British Information Services 
1952. 32 pp.,illus. $0.50. 


PRODUCTION 


Simplified Drafting Practice. W.L. Healy and 
A. H. Rau. New York, John Wiley & Sons, 
Inc., 1953. 156 pp., illus. $5.00 

This book is based on a comprehensive study of 
drafting practices throughout the General Electric 
Company. Its purpose is to arouse the interest 
of engineering and drafting organizations in the 
substantial savings in time and money that can 
be obtained by the adoption and extension of 
simplified practices. To meet this aim, routines 

| and practices of reducing the time and effort re 
quired to make drawings are recommended 


(Concluded on page 128) 
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The NIMONICS 


high-temperature 
alloys that offer many 
useful properties. 


As time passes, you'll hear the Nimonics talked 
about with increasing frequency. 


And with good reason! The Nimonic alloys 
(we'll discuss two of them individually in a 
moment) are high-temperature alloys. Their 
characteristics are frequently sought by aircraft 
designers. 


Let’s consider Nimonic “75” (available in sheet 
only) first. Offering high resistance to oxidation 
and corrosion, it is particularly useful wherever a 
limited creep deformation can be tolerated under 
steady load and at high operating temperatures. 


Up to now, Nimonic “75” has been used mainly 
for nozzle guide vanes, flame tubes and other com- 
bustion chamber components in British and Amer- 
ican aircraft turbines. But its field, of course, is not 
strictly limited to these applications. Wherever 
inlet temperatures push above 1450°F., Nimonic 
“75” may well be kept in mind. It provides: 

— High creep and fatigue strength 

— High oxidation resistance at elevated 
temperatures 

—A low coefficient of expansion, similar to 
mild steel (holds distortion to a relatively 
low level) 


The second of these high-temperature alloys 
(available in bar stock only) is Nimonic “80”A. 
This is the standard material used for moving 
blades in nearly every production aircraft turbine 
in Great Britain. It is the material used, too, for 


NIMONIC “75” NIMONIC “807A 


Approximate Composition 


0.10 
1.00 


0.015 


Chromium . 19.00 
Titanium 2.00 
Aluminum ; 090 — 1.50 


Nickel Remainder Remainder 


HERE IS HOW the Nimonic “80”A blading of a J-42 
turbine looks after 500 hours of test running. The blades, 
according to Pratt & Whitney, are in almost as good 
condition as they were at the start of the test. 


turbine blades of Pratt & Whitney J-42 Turbo- 
Wasps, the jets that have flown more than 150,000 
hours without a single turbine blade failure. The 
picture above shows the excellent condition of 
these blades after a 500-hour test run. 


Essentially a forging alloy, Nimonic “80”A com- 
pares favorably with other alloys designed for long 
periods of high-temperature service under stress. 
While its superior creep resistance is largly respon- 
sible for its suitability as a blade material, its 
high oxidation resistance at elevated temperatures 
and its high fatigue strength under stress are also 
important. 


Both of these Nimonic alloys have working 
qualities that greatly increase their range of use- 
fulness to the designer. They can be machined by 
commonly-used methods, and with standard equip- 
ment. Their toughness and capacity for work- 
hardening, however, call for careful tool placement, 
fairly slow cutting speeds and generous use of 
lubricant. 


Welding is readily accomplished by any of these 
methods: oxy-acetylene, inert gas arc, metallic arc, 
flash, spot, stitch, seam or butt. Detailed informa- 
tion on procedures is available, and Inco’s Techni- 
cal Service Section will be glad to furnish it upon 
request. 


In fact, when you need help with any metal 
problem involving high temperatures, call on 
Technical Service. There’s no charge, no obligation. 


Consult your Distributor of Inco Nickel Alloys 
for the latest information on availability from ware- 
house and mill. Remember, too — it always helps 
to anticipate your requirements well in advance. 

The International Nickel Company, Inc., 

67 Wall Street, New York 5, N. Y. 


Inco Nickel Alloys 


MONEL® MONEL « MONEL « “’KR’@ MONEL 
INCOLOY® NIMONICS® NICKEL 

LOW CARBON NICKEL + DURANICKEL® 


I 
| 
al 
Carbon ............ 008 — 0.15%* max. 
Manganese ......... max. 1.00 max 
d - 
max. 
max 
t 
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dependable performance of these impregnated 


@ Many of America’s leading 


HL-GAIN Industrial POGKETSEOBE 


MODEL $-14-A “BY WATERMAN 


Identified by its hi-sensitivity and incred- 
ible portability, S-14-A POCKETSCOPE 
now permits ‘'on-the-spot'’ control, 
calibration and investigation of indus- 
trial electronic, medical and communi- 
cations equipment. Direct coupling 
without peaking, used in the identical 
vertical and horizontal amplifiers, elim- 
inates undesirable phase shifting. 
Designed for the engineer and con- 
structed for rough handling. 


From Water Level To Stratosphere... 


Wr. 12% Ibs. x 


Vertical and horizontal channels: 10mv rms/inch, with response 
within—2DB from DC to 200KC and pulse rise of 1.8 us. Non- 
frequency discriminating attenuators and gain controls with internal 
calibration of trace amplitude. Repetitive or trigger time base, with 
linearization from Yacps to 5OKC with + sync. or trigger. Trace 
expansion. Filter graph screen. Mu metal shield. And a host of 
other features. 


WATERMAN PRODUCTS INC. 2s, ra. 


WATERMAN PRODUCTS INCLUDE. CABLE ADDRESS: 


$-4-A SAR PULSESCOPE POKETSCOPE 
S-5-A LAB PULSESCOPE 
Pittsbur $-10-B GENERAL POCKETSCOPE 
S-11-A INDUSTRIAL POCKETSCOPE 
S-14-B WIDE BAND POCKETSCOPE 


-15-A TWIN TUBE POCKETSCOPE 
Also RAKSCOPES, LINEAR 


AMPLIFIERS, RAYONIC TUBES 
ond other equipment 


WATERMAN PRODUCTS * 


Makes Flying Safer... 
More Efficient! 


Over 85% of the torque wrenches used in industry are 


Sturtevan’ 


TORQUE WRENCHES 


Read by Sight, Sound or Feel 


Millions of flying hours prove the 


fabric tapes in civilian and military use! 


@ These tapes are particularly e Permanently Accurate 


builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 

@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from 42” to 12”, pack- 
ages in rolls of 50 feet. 


designed for use in fluid or air 
containers where excessive 
pressures are experienced 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


* Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


PITTSBURGH PLATE GLASS CO., Industrial Paint Div., 

ew ge Pa. Factories: Milwaukee, Wis.; Newark, N. 

ale, Pa.; Houston, Texas, Los Angeles, Calif.; 
i 


Ore 


tzler Color Div., Detroit, Michigan. The Thresher Paint 


&V o., Dayton, Ohio. Forbes Cleveland, 
Ohio. M. B. Suydam Div. ., Pittsburgh, P. 


PittsBURGH PAINTS 


PAINTS © GLASS ® CHEMICALS @ BRUSHES © PLASTICS ® FIBER GLASS 


PITTSBURGH PLATE GLASS COMPANY 


© Practically Indestructible 


@ Faster—Easier to use 


@ Automatic Release 


All Capacities 


in inch ounces 
..inch pounds 
. foot pounds 


All sizes from 
0-6000 ft. Ibs.) 


Every manufacturer, 
design and production 

man should have this valu- 
able data. Sent upon request. 


Sturtevant co. 


ADDISON [QUALITY] /LLINOIS 
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Personnel Opportunities 


Wanted 


Engineers—Opportunities for employment 
exist in the Bureau of Aeronautics, Department 
of the Navy, Washington, D.C. Aircraft Modifi- 
cation Design Engineer—GS-12, $7,040 per 
annum. Determine remedial measures for struc- 
tural failures of naval aircraft through analysis of 
accident and structural failure reports; initiate 
and follow through corrective actions and design 
Electronic Engineer (Radio)—GS-12, 
$7,040 per annum 


changes 
Plan, initiate, and supervise 
research, design, development, and tests and 
recommend engineering action concerning landing 
aids for naval aircraft Electronic Engineer 
(Radio) —GS-12, $7,040 per annum. Responsible 
for the planning and execution of a subprogram of 


research, development, and test projects in a part 
of the interference reduction field which deals 
mainly and directly with radio-frequency cir- 
cuitry. General Engineer (Fuels, Lubricants, 
and Packaging) 
Initiation and planning of effective programs for 


GS-12, $7,040 per annum. 


Navy-Air Force Engineering standardization in 
Determination of 
interservice needs, advisory duties to industry, 


the petroleum materials area. 


the preparation of basic engineering specifications, 
and the promulgation of necessary standardiza- 
tion procedures Chemical Engineer—GS-12, 
$7,040 per annum. As section head, is responsible 
for the development, evaluation, and service 
application of fuels, internal coolants, fuel addi- 
tives, and lubricants for reciprocating, turbojet, 
gas-turbine, ram-jet, and pulsating-jet aircraft 
engines. Electronic Engineer (General)—GS- 12, 
$7,040 per annum. Design and development of 
equipment and the prosecution of all activity per 
taining to automatic radio-frequency mid-course 
guidance equipment as applied to pilotless air- 
craft and guided missiles. Aeronautical Power 
Plant Research Engineer—GS-12, $7,040 per 
annum. Development of general designs and 
studies of reciprocating, turbojet, turboprop, ram- 
and pulse-jet, and rocket engines to be used in 
subsonic and supersonic land and carrier-based 
aircraft and guided missiles. 
3'/2 years of professional engineering experience 
Aircraft 
$5,940 per 


Requirements 


are required in addition to a degree. 
Performance Engineer—GS-11, 
annum Make comprehensive investigations 
and mathematical calculations of the performance 
characteristics of aircraft Compile and issue 
performance charts for all types Naval aircraft 
Aeronautical Development Engineer (Hydro 
dynamics)—GS-11, $5,940 per annum Under 
general supervision, performs highly specialized 
aeronautical engineering work in the field of 
hydrodynamics in connection with design of 
Naval aircraft; assists in model and full-scale re- 
search and development projects in hydro 
dynamics for improvement of seaplane operation 
Requirements: 2!/2 years of professional engineer 
ing experience in addition to degree Applica 
tions may be submitted on Standard Form 57, 
Application for Federal Employment, to the 
Department of the Navy, Bureau of Aeronautics 
Personnel Division, Attention PE-202, Washing- 
ton 25, D.C. The Standard Form 57 is available 
at U.S. Post Offices or may be obtained by writing 
to the Personnel Division, Bureau of Aero 


nautics. Visitors to the Washington area may 


This section is for the use of individual 
organizations offering employment to Aeronautical specialists. 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


call at Room 3909 of the Main Navy Building, 
19th and Constitution Ave., N.W., Washington 
DBL. 

Aeronautical Engineer—To teach aerody- 
namics, airplane design, and applied mechanics. 
Should have M.S. degree and some industrial 
experience. Salary in rank according to qualifi 
cations. Write Department of Mechanical Engi- 
neering, Oregon State College, Corvallis, Ore 

482. Assistant or Associate Professor of Aero- 
nautical Engineering—-Wanted by engineering 
college in Philadelphia to teach undergraduate 
and graduate courses in aerodynamics, aircraft 
structures, etc. Opportunity for part-time re- 
search or consulting practice. In applying, give 
details of education and experience, also include 
photograph. 

473. Technical Assistant to Sales Manager 
Metropolitan area manufacturer of AN parts 
offers excellent opportunity for upper-level liaison 
job with sales staff, requiring capacity to analyze 
industry problems and requirements with relation 
to manufacturer's products and to supervise de 
velopment of new parts to meet these require- 
ments by manufacturer’s engineering department 
Requires graduate Aeronautical Engineer with 
several years’ air-frame design experience, prefer- 
ably in structures, as well as some additional ex- 
perience in production engineering or liaison be- 
tween design engineering and production 

471. Chief of Stress—Rotary-wing aircraft 
experience. Responsibilities include static and 
rotorcraft. 
Minimum experience 5 years; knowledge of CAA 
Work on 
an expanding program with an established com- 


dynamic analysis on high-speed 


and Military requirements necessary 


pany; location Philadelphia area. 

470. Staff Aerodynamicist—Minimum BS 
degree in Aerodynamic Engineering or Physics 
Field aerodynamics including the ballistics of 
free-falling objects. Experience in carrying out 
experiments in wind tunnels, and experience in 
optimum shapes on guided missiles. Experience: 
Minimum of 10 years in responsible position in 
volving research and development Duties 
Perform liaison work between other branches of a 
technical division. Coordinate data with back- 
ground knowledge to perform critical analysis 
and evaluation of research and development pro 
gram. 


468. Aircraft Estimator—Growing southwest 
air-frame manufacturer has opening for engineer 
with estimating experience. Minimum of 4 years’ 
aircraft experience is required, preferably in de- 
tail and contract estimating. Engineering degree 
is desirable. Management potential is necessary. 
Examinations will be given to qualify applicants 
prior to hiring. Excellent future possibilities. 
Salary commensurate with qualifications 


The number preceding the notices 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


127 


s of the Institute seeking new connections and 
Any member or organiza- 


Available 


481. Advertising and Public Relations Man- 
ager—B.S. in Engineering and Business Adminis- 
tration, MBA in Marketing. Age 33. Ten 
years’ progressive experience in all phases of in- 
dustrial promotion: program planning; budget- 
ing and administration; agency and media 
liaison; space and promotional copy planning, 
writing, and editing; pamphlets and brochures; 
and technical publicity. Press, industry, and 
Government relations. Licensed pilot, mechanic, 
and radio operator with background in aviation 
equipment, radio and electronics, and air trans- 
port Desires position offering greater responsi 
bilities and opportunity for advancement. 


480. Aeronautical Engineer—S.M.; age 30 
Registered Professional Engineer. At present 
Associate Professor and Head of Aeronautical 
Engineering Option at small college. Desires 
position of progressive responsibility either in 
education or in industry. Location and salary 
open. 


. 

479. Aeromechanical Engineer—B.M.E.; age 
34 Broad background in the aircraft industry 
including guided-missile electromechanical sys- 
tems development, flight-test research, and stress 
analysis. Currently engaged as assistant project 
electromechanical engineer. Accomplishments 
include direction of missile electrical system de- 
sign, booster rocket installation design, test equip 
ment design, environmental test program, and 
flight-test programs. Seeking responsible position 
in missile, aircraft, or allied fields in greater New 
York City area only. Current salary, over $7,000 
Résumé furnished on request 


478. Aeronautical Engineer—B.Sc. (Hon.); 
19 years’ experience in the industry. Ten years’ 
experience in aircraft accident investigation and 
prevention work, in which capacity at present is 
Head of the Branch in another country. Re- 
mainder of experience consists of lecturing in aero- 
nautical subjects and aircraft stressing Also 
practical experience of measuring aircraft per- 
formance when operating from high-altitude air- 
fields and under high ground-surface temperature 
conditions. Will be available in the United States 
in August, 1953, and desires position with aircraft 
Details of 
experience and requisite documents to meet 


design firm or aeronautical college 
security regulations sent on request. 


477. Aeronautical Engineer— Degree of Aero- 
nautical Engineer; age 33. Twelve years’ ex- 
perience in various fields of engineering Six 
years in aerodynamics, aircraft design, main- 
tenance, and manufacturing with three leading 
air-frame builders and USAF. Six years in plant 
management, operation, engineering, etc., with a 
major aircraft company and the textile industry. 
At present, Project Engineer in Plant Engineer- 
ing. Desires a staff and management position 
with responsible company in, or related to, the 
aircraft industry, with salary level over $8,000. 
Detailed professional history sent on receipt of 
letter describing specific position. 


476. Aeronautical Engineer—Age 43. De- 
sires to represent responsible companies having 
and/or seeking, additional Government contracts 


=| 
=| 


AERONAUTICAL 


with the Air Force, at Dayton, Ohio. Can assure 
dignified, aggressive, responsible, and complete 
representation backed by over 20 years of avia- 
tion industry experience, including design, flight 
test, production, executive, and Naval aviation 
experience at staff level. Just recently released 
from a tour of active duty with the Navy as Staff 
Special Projects Officer. Thoroughly familiar 
with contract negotiation and technical follow-up. 
List of references, complete résumé furnished 
upon request 


Among these recommendations are simplified 
drafting methods, elimination of nonessentials, 
and extensive use of freehand drawing, drafting 
aids, and time-savers. Two-hundred-fifty draw- 
ings and photographs illustrate the author’s the- 
sis—that drafting can be stripped of its frills 
without surrendeting either clarity of presenta- 
tion or accuracy of dimension 

Contents: Simplification 
necessary Work 
of Symbols. 


Eliminating Un- 
The Use 


Abbreviations. 


Freehand Drawing. 
Mechanical Aids. 
Arrowless Dimensioning. E 
fied Drafting. Legible Lettering 
Use of Instructions 
Routines. 
Index 


xamples of Simpli 
Tolerances. 


Drawing Forms and Related 
Reproduction Processes 


Appendix 


RESEARCH 


Verslagen en Verhandelingen (Reports and 
Transactions), Vol. 17, 1952. Amsterdam, Na 
tionaal Luchtvaartlaboratorium, 1953 
illus., diagrs 

Contents: Report F 100, Theory and Practice 
of Flutter Calculations for Systems with Many 
Degrees of Freedom, A. I. van de Vooren Re 
port S 402, Theory and Experiments on the Elas- 
tic Overall Instability of Flat Sandwich Plates, 
I. J. Plantema 

Verslagen en Verhandelingen (Reports and 
Transactions), Vol. 16, 1952. Amsterdam, Na- 
tionaal Luchtvaartlaboratorium, 1953. 200 pp., 
illus., folding charts 

Contents: Report A. 1241, 1950, Methods for 
Windtunnel Measurements on Models of Vehicles, 
Vessels and Constructions, A. de Lathouder. Re- 
port A. 1210, 1951, On the Determination of the 
Transition Point from Measurements of the Static 
Pressure Along a Surface, H. Wijker. Report A. 
1204, 1951, Tunnelwall-Interference for Aerofoils 
and Aerofoil-Fuselage Combinations in a Tunnel 
with an Octagonal Section for Incompressible 
Flow, H.G. Loos. Report A. 1269, 1952, Survey 
of Transition Point Measurements at the NLL, 
Mainly for Two-Dimensional Flow Over an NACA 
0018 Profile, H. Wijker. Report A. 1238, 1950, 
Ditching Tests on a Model of the Fokker S 13 
Aeroplane, J. F. Hengeveld. Report F. 16, 1951, 
The Direct and the Inverse Problem of Aerofoil 
Theory. A Method, with Complete Auxiliary 
Tables, to Obtain Numerical Solutions, R. Tim- 
man. Report F. 66, 1950, A Calculation Method 
for Three- Dimensional Laminar Boundary Layers, 
Part I, General Theory, R. Timman. Report F. 
66, 1951, A Generalization of Prandtl’s Equation, 
A. van Heemert. Report F. 79, 1951, Revised 
Methods for Routine Calculations of Laminar and 
Turbulent Boundary Layer of Two-Dimensional 
Incompressible Flow, J. A. Zaat. Report F. 96, 
1951, Spontaneous Oscillations of an Aerofoil due 
to Instability of the Laminar Boundary Layer, 
A. I. v. d. Vooren and H. Bergh. Report M. 
1866, 1952, The Effect of Notches on the Strength 
of Aluminium Alloys Under Static Tensile Load- 
ing, J. H. Palm Report S. 313, 1946, Large 


169 pp., 


ENGINEERING 


474. Sales Engineer or Technical Field Repre- 
sentative—B.S., U.S. Naval Academy; A.E., 
California Institute of Inactive 
pilot with experience in all classes of naval air- 


Technology 


craft; 15 years’ pilot experience with total time of 
4,000 hours 
establishments 


Familiar with military agencies and 
Military requirements and de- 
Will accept 
desiring West Coast repre 


sign experience ob with any firm 
entative Free to 
travel. Limited periods acce 
States 


table outside United 
Age 42, single 


Book Notes 


(Concluded from page 124) 


Deflections of Semi-Oval 
gaarden. Report S. 370, 1 Evaluation of the 
Theory on the Post-Buckling Behaviour of Stiff 
ened, Flat, Rectangular ate Subjected to 
Shear and Normal Loads, W. K. G. Floor and 
Th. J. Burgerhout Report V. 1602, 1952 
Analysis of the Pitching Motion of an Aeroplane 
Due to Sideslip, A. J. Marx and J. Buhrman 
Report V. 1625, 1952, The Static Longitudinal 
Stability and Control of an oplane as Affected 
by the Compressibility of the Air, ]. Buhrman and 
C. M. Kalkman. 


ng A. van Wijn 


SERVOMECHANISMS 


Synchros, Self-Synchronous Devices, and Elec- 
trical Servo-Mechanisms. Leonard R. Crow 
Vincennes, Indiana, The Scientific Book Publish 
ing Co., 1953. 222 pp., ill igrs. $4.20. 
The purpose of this b« to contribute a 
broad understanding of th isic fundamental 
principles underlying the functional operating 
theory as well as the effecti ise and application 
of synchros and allied self-synchronous electrical 
mechanisms. Structural features are described 
in whatever detail is necessary for proper under- 
standing of function and application of the many 
types and forms of self-synchronous devices. 
Consideration has also been given to the many 
special synchros and devices that have evolved 
from the fundamental forms. The author is 
Director of Research and Development, Universal 
Scientific Company 
(1) Synchro General Information 
(2) Single Phase Synchronous 
(3) Synchro Control Transformer 
tial Synchros 


Contents: 
Drive Devices. 

(4) Differen- 
(5) Instructive Experiments with 
Synchros. (6) Positional Errors, Error Detec- 
tion, Servo-Control] Units 7) Two Speed Syn- 
chro Drives. (8) Special Applications of Self- 
Synchronous Devices 9) Direct Current Self- 
Synchronous Devices or Position Indicators. 
(10) Phase Rotation Indicator Step-by-Step 
Motor and Electrical Gearing 11) The Power 
Synchro and the Synchro Tie (12) Magnesyns 
and Other Saturable-Core Electrical Servomech 
anisms. 


STRUCTURES 


Vnutrennie Napriazheniia Kak Rezerv Proch- 
nosti v Mashinostroenii (Internal Stresses as a 
Reserve of Strength in Machine Design). I. V 
Kudriavtsev. Moscow, M giz,1951. 278pp., 
illus. (In Russian 

In this book is surveyed influence of inter 
nal (residual) stresses on t trength and dura 
bility of machine details that are subjected to 
variable stresses Experimental investigations 
are generalized by mean 
by the author for the fati 
bined-stress condition re 


the theory proposed 
trength in the com 
hnological methods 
are indicated which create beneficial residual 


stresses that increase to extent the resist 


REVIEW 


JUNE, 


472. Aeronautical or Mechanical Engineering 
Professor.—B.S. in A.E., M.S. in M.E. Avail 
able for September appointment in college or uni 
versity located in the South or Southwest. Prin 
cipal fields of interest—aerodynamics, fluid 
mechanics, and thermodynamics at either under 
graduate or graduate level. Opportunities for re 
search should be available in the above fields. 

469. Aeronautical Engineer—Ph.D. degree 
Ten vears’ teaching experience and 5 years’ indus 


trial experience Desires teaching position 


ance of members to fatigue rupture and quite 
abruptly decrease the notch sensitivity The 
experimental results used by the author are 
principally the work of Russian investigators and 
are referred to in a list of 200 references 
Contents: Chapter 1, Classification of Resid 
ual Stresses and Existing Criteria for Fatigue 
Strength in the Combined-Stress Condition 
Chapter 2, Theoretical Analysis of the Influence 
of Residual Stresses on the Fatigue Strength of 
Steel. Chapter 3, 
Cases of the Influence of Residual Stresses on the 
Fatigue Strength of Steel. Chapter 4, On the 
Influence of the Concentration of Applied and 
Residual Stresses on the Fatigue Strength of Steel 


Analysis of Some Special 


Chapter 5, Comparison of a Proposed Theory of 
Fatigue Strength with Available Experimental 
Data. Chapter 6, Service Hardening as a Means 
of Increasing the Fatigue Strength Steel Members 
Chapter 7, Effectiveness of the Residual Stresse 
Caused by Service Toughening of Steel Members 
with Hidden Cracks. Chapter 8, Influence of 
Thermal Residual Stresses on the 
Strength of Steel 


Fatigue 
Chapter 9, Case Hardening 
as a Means of Increasing the Fatigue Strength of 
Machine Members. Chapter 10, Increasing the 
Fatigue Strength of Steel by Nitriding. Chapter 
11, Influence of Residual Stresses on the Fatigue 
Strength of Steel Fabrications. Chapter 12 
Stability of Residual Stresses with Time and with 
the Continuous Applications of Variable Loads 
General Conclusions. Literature and Sources 


THERMODYNAMICS 


Mechanical Engineering 
David A. Mooney. New York, Prentice-Hall 
Inc., 1953. 540 pp., illus. $9.35. 

This is an introduction to the principles of 
thermodynamics and their applications. De 
scriptive matter on heat engines is included for 
those who have not studied the subject. The 
reader is presumed to have a knowledge of college 
physics and mathematics. The author is Prin 
cipal Mechanical Engineer, Jackson and More 
land, Engineers 

Contents: (1) Introduction. 
Temperature and Heat 


Thermodynamics 


(2) Work 3 
(4) Properties of Sys 
tems. (5) The First Law of Thermodynamics 
(6) Flow Processes- 


First Law Analysis 7 
The Second Law of Thermodynamics. (8) Basic 
Applications of the Second Law. (9) Properties 
of Pure Substances. (10) Tabulated Properties 

Steam Tables. (11) Properties of Gases. (12 
Properties of Gaseous Mixtures. (13) Process 
Calculations for Stationary Systems. (14) Vapor 
Cycles—The Rankine Cycle. (15) 
Cycles— More Efficient Cycles 
17) Fluid Flow 
Turbines 19) Reciprocating Expanders and 
Compressors 20) The Steam Engine. (21) 
Gas Compression 


Vapor 
(16) Gas Cycles 
Nozzles and Orifices. (18 


(22) Combustion Processes- 
First Law Analysis. (23) Internal Combustion 
Power Plants 24) Refrigeration (25) Air 
Water Vapor Mixtures. 
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